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ADA   American Diabetes Association 

AN   acanthosis nigricans 

apoA-I   apoproteinA-I 

apoB-100  apoproteinB-100 

ARYL    

BMI   body mass index 

CETP                           

DI    

ELISA   enzyme-linked immunosorbent assay 
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-
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- -
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ex (quantitative insulin sensitivity check index -

86  

QUICKI = 1 / (log fasting glucose (mg/dl) + log fasting insulin (mU/ml)  

dex - 87) az 

 

ISI =  
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3.2.2.4 -   

88

,0 

 6,1   mmol/l volt, a 7,0 mmol/l-t 

 -

 7,8  < 11,1 mmol/l volt, 2TDM 

 1 

vagy meghaladta.  

ADA javaslata (89 -

 

-

90,91

 

A HOMA- -

-

emelkedettnek (85,90,91). 

 

3.2.3. A lipoprotein-  

3.2.3.1. A lipoproteinek, triglic

 

-C, TG, HDL-

- 92  

[LDL-C (mmol/l)] = [T-C (mmol/l]  [HDL-C (mmol/l)]  [TG (mmol/l)]/2,2) 

Az apoA-I, az apoB-  

A lipoprotein-

93 - 

94) 

T-C > 5,2 mmol/l, TG  1,7 mmol/l, HDL-C < 1,0 

mmol/l, LDL-C > 3,4 mmol/l . 
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-AI < 1,15 g/l; apoB100 > 1,0 g/l; Lp(a): > 300 mg/l. 
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+++

 17   

   
+
       

BMI (kg/m
2
)          

, 
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-  

     

 (n=28) (n=22) (n=50) 

0/28           0/22      0/50 

) 23/28 17/22 40/50 (80%) 

HOMA-IR 22/28 18/22 40/50 (80%) 

HOMA-BCF 25/28 20/22 45/50 (90%) 

 

 

- ban 

 a HOMA-

 < -

-csoportban 3 esetben (3/5 

- -csoportban pedig 23 esetben 

-

 

 

 

-anyagcsere  

  

             

       T3 (n=5)                 T4 (n=17)  T5 (n=28) 

          

        3     

HOMA-IR            
+
      

HOMA-BCF      

, 
+
 p < 0,05 



25 

- -IR, valamint a 

- -

 

 

 

 

  

  Szignifikancia 

 koefficiens (p-  

- inzulin 0,41917 0,0024 

BMI - inzulin 0,39497 0,0045 

- HOMA-IR 0,41907 0,0025 

BMI - HOMA-IR 0,41260 0,0029 

- HOMA-BCF 0,38812 0,0054 

BMI - HOMA-BCF 0,34092 0,0154 

HOMA-IR - HOMA-BCF 0,86535 0,0000 

Inzulin - EVC 0,29799 0,0356 
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HOMA-IR    
+++ 
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p < 0,001 
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esetben (4,4%) felelt meg az IFG-

 



28 

 

A   

 Nemek Korcsoportok  

 

  6- sek >12-   

n % n % n % n % n % 

IFG (WHO) 1 0,8 2 1,7 0 0 3 2,0 3 1,2 

IFG (ADA) 6 4,5 5 4,2 2 2,0 9 5,9 11 4,4 

2TDM susp. 1 0,8 2 1,7 0 0 3 2,0 3 1,2 

IGT 15 11,4 19 16,1 11 11,2 23 15,1 34 13,6 

2TDM 2 1,5 4 3,4 3 3,1 3 2,0 6 2,4 

n=eset  

 

 

-

-

-

korcsoportban (p < 0,05 illetve p < 0,001). 
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Az emelke -

 

 

 

 
Nemek Korcsoportok  

 

  6-  >12-   

n % n % n % n % n % 

 inzulin 

 
91 68,9 84 71,2 61 62,2 114 75,0

+
 175 70,0 

zulin 

 
113 85,6 107 90,7 91 92,9 129 84,9 220 88,0 

HOMA-IR 104 78,8 90 76,3 65 66,3 129 84,9
+++

 194 77,6 

, 
+ 

p < 0,05, 
+++

p < 0,001 

 

 

-  

-

IFG-

- -

ADA 

bizonyult. Az IGT- -

IFG- . 
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 zavaraiban 

 zavarai HOMA-    

IFG 

WHO 3/3 2/3 3/3 

ADA 11/11 10/11 11/11 

2TDM-susp. 3/3 2/3 3/3 

IGT 27/34 26/34 34/34 

2TDM 6/6 6/6  6/6 

 

 

ADA 

sa 

 

-nek, az ADA 

-susp.-

-

-nek, az ADA 

-

m. 
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 IFG (n) 
2TDM-

susp. 

(n) 
(n) 

WHO ADA WHO ADA 

 208 202 1 7 1 210 

IGT (n) 32 30 2 4 0 34 

2TDM (n) 4 4 0 0 2 6 

 
244 236 3 11 3 250 

 

 

- 

-  
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+++

   

   
+
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2
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+
 p < 0,05,   

+++
 p < 0,001 
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T-C, LDL- -
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 A lipoprotein-  (X  

     

 (n=28) (n=23) (n=51) 

T-C (mmol/l)             
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HDL-C (mmol/l)             

apoA-I             

apoB-100             

Lp(a)    

n= eset  

 

tartalmazza. A T- -

- -

- -

- -

- NS

NS 
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   p-  

 koefficiens (r) 

    

T-C - LDL-C 0,90387 0,0000 

TG - HDL-C -0,48862 0,0003 

BMI - apoB-100 0,39315 0,0043 

 - apoB-100 0,28837 0,0402 

HOMA - apoB-100 0,30638 0,0288 

apoB-100  - T-C 0,80633 0,0000 

apoB-100  - LDL-C 0,87146 0,0000 

apoA-I - HDL-C 0,83741 0,0000 

BMI - INS 0,39816 0,0038 

BMI - HOMA 0,41074 0,0028 

INS - EVC 0,28320 0,0440 

 

-C 

slipidaemia jel . Az 

- mellett. 

 is. 

 

4 - ko  

 

 

  

kg/m
2
 v -
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(n=17) 

 

(n=20) 

 

(n=37) 

     

    

    

    

    
 

A lipoprotein-

; HOMA-IR 

-  az 

  az ICAM- -1 

is. 

 

 

-anyagcsere 

- -

LDL- -C szint pedig 

- -

-

HOMA-IR 

bizonyult emelked
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-

kimutatni.  

T- -C, a T- -100, az LDL- -

- -C 

- a HOMA-

 

 

 

A lipoprotein-

 

        

TC (mmol/l) 

 
 5/37 

LDL-C (mmol/l) 

 
 5/37 

HDL-C (mmol/l) 

 
 9/37 

TG (mmol/l) 

 
 6/37 

Apo A-I (g/l) 

 
 13/37 

Apo B-100 (g/l) 

 
 5/37 

Lp (a) (mg/l) 

 
 11/37 

EVC (mmol/l) 

 
 0/37 

INS (mIU/l) 

 
 27/37 

HOMA  IR  31/37 

 

-C 

- -

-  < 
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tendencia a VCAM-

 

-

 < 0,05). Az ICAM-

mutattak a VCAM-  < 0,001), s a VCAM-

 <  

 

 

-C szinttel 

 

 
-C 

(n=28) 

-C 

(n=9) 

     

(n=37) 

PON1 (U/ml)      

ARYL (U/ml)           

        

    

ICAM-1 (ng/ml)  
+ 

    

VCAM-1 (ng/ml)       515,7     
+
p < 0,05 ,   

 

 

 

 

 

 

 

 

 

 

 

 

    

Paraméterek Korrelációs koefficiens (r)     p-érték

0,3448  0,03366

0,3772 0,0217

T-C - LDL-C 0,9154 0,0000

-0,4463 0,0056

T-C - apoB-100 0,5381 0,0012

0,5591 0,0002

0,6627 0,0001

-0,3525 0,0351

0,5220 0,0009

0,3333 0,0438
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 atherogen dyslipidaemia 

a  emelkedet HOMA-

.  

- -

 pontban mutatjuk be. 

 

az AN- -

  

 

-  

 

- -

 (F  

 

 at. 

 

 

- -

 

-a

alcsoportban azt mutatta, hogy az AN-

 < 

emelkedett HOMA-

A lipoprotein-

- -C 

 < 0,05 illetve p < 0,01). 
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- - gyermek- 

korban, AN-  

 

 

(n=18) 

 

(n=19) 

 

(n=37) 

 0/18 0/19 0/37 

INS (mIU/l) 16/18
+ 

11/19 27/37 

HOMA 17/18 14/19 31/37 

T-C (mmol/l) 3/18 2/19 5/37 

LDL-C (mmol/l) 3/18 2/19 5/37 

HDL-C (mmol/l) 7/18
+ 

2/19 9/37 

TG (mmol/l) 6/18
++ 

0/19 6/37 

ApoA-I (g/l) 8/18 5/19 13/37 

ApoB-100 (g/l) 2/14 3/18 5/34 

Lp(a) (mg/l) 6/18 5/19 11/37 

      n= esets , 
+
p < 0,05  

++
p < 0,01 

 

 

4.3.2 - - -

- korban  

 

 

  
2
, 

az AN-

2
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-  OGTT-

 K HOMA-  is

-

-C, a TG, a HDL-C 

 - . 

88 -

 

 

 

 

  

              AN    

     n=(56)        (n=57)   (n=113) 

  

BMI (kg/m
2
)  

 

BMI-SDS   
 

    29/27    28/29    57/56 

 

 

 

-

-szal 

 

-

 A HOMA-

volt az AN-  < 0,05). A HOMA-IR, a 

tartalmazza). 
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- -  

        

     (n=56)       (n=57) (n=113) 

VC (mmol/l)

INS (mU/l)

HOMA-IR

QUICKI

ISI

T-C (mmol/l)

LDL-C (mmol/l)

TG (mmol/l)

HDL-C (mmol/l)
+
p < 0,05,

 ++
p < 0,01 

 

 

-

 

ADA 

-nak illetve 5,2%-nak 

- -szal is 



42 

-

0,9%-

 

Emelkedett HOMA-

84,3%-nak felelt meg. Az AN- -

 

Az emelkedett HOMA- -sza

-

- -szal 

-IR 

 < 

2

 

A lipoprotein- -C, LDL-C, 

-

-sz - DL-

-C 

 < 0,05 illetve p < 0,01).  

A lipoprotein-

be. Emelkedett T- -C 

-

emelkedett T- -

n (19/57 vs 10/56, p < 

HDL- -

 < 0,05). 
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- -anyagcsere param  

      

     (n=56)       (n=57)   (n=113) 

) 1/56 3/57 4/113 

 

 8/56 10/57 18/113 

 

 40/56 42/57 82/113 

 

 48/56 53/57 101/113 

 

HOMA-IR 45/56 50/57 95/113 

 

T-C (mmol/l) 9/56 17/57 26/113 

 

LDL-C (mmol/l) 9/56 15/57 24/113 

 

TG (mmol/l) 10/56 19/57
+
 29/113 

 

HDL-C (mmol/l) 15/56 28/57
+
 43/113 

, 
+
p < 0,05 

 

 

HOMA- - 

lipoprotein-   

                    -  

HOMA-IR   0,2034 0,0292 

HOMA-IR -    0,1935 0,0383 

HOMA-IR   0,6803 0,0000 

HOMA-IR -   0,6654 0,0000 

HOMA-IR  T-C 0,2228 0,0167 

HOMA-IR  TG 0,6604 0,0000 

HOMA-IR  HDL-C - 0,1881 0,0441 

 

- - -anyagcsere 
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-

 < 0,05), valamint a HOMA-  < 

A HOMA-  < -IR 

 

- -any

 < 0,05 illetve p < 0,0001), a HDL-

 <  

inzulin - -

-  <  < 0,0001). 

 

 

 

 

dyslipidaemia   HOMA-IR 1/QUICKI 1/ISI 

 

 

b-koefficiens 6,5771 5,7639 0,7945 5,7639 0,3680 

p-  0,0000 0,0161 0,0000 0,0000 0,0000 

 

 

b-koefficiens 2,7298 2,8435 0,3200 1,0475 0,1661 

p-  0,0000 0,0000 0,0000 0,0000 0,0000 

 

TG 

b-koefficiens 2,1089 3,5487 0,2250 0,0976 0,1183 

p-  0,0060 0,0061 0,0234 0,0235 0,0014 

 

HDL-C 

b-koefficiens -0,0097 -0,0081 -0,2599 - 0,1214 - 0,2747 

p-    0,0794   0,0127   0,2230   0,2234   0,0156 
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v 

 

dyslipidaemia 
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- -  

- 

16,19,80). 

19,98). A 

 

-

- 

HOMA-

- 

85). Az 

 A HOMA-IR az 

-  

-

a az esetek 80%-

emelkedettnek bizonyult hogy az esetek 

ugyancsak 80%- -

- -

 zavara 

-

30).  

 - 

HOMA-
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- - 100

. 

Tov  4.1.2.  -nek az 

-

a HOMA- k 

70%-

-nak bizonyult.  

-

pedig 13,6%-

25). Az IFG 

36). Egy 

- 37).  

-t 

26,27,28

6,7%- 51). Magunk a fent 

- 5). Az 

 

-ban volt 

-2%-

24,25). E ok tak be (97,98,99), 

- 28). 

ADA -

-ban is. Ezzel szemben az IGT-

mindegyi -  
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(100,101). 

ADA k

ADA 

-

-

80

 

6,0 mmol

89

 (42). 

Emiatt 

-
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ADA/IDF -

(37

 

kimuta

- 

- 

 

 

5.2. A lipoprotein-  - 

 

-C, LDL- -C 

102 -

 (45)

gyermekk 48). Mindezek miatt a lipoprotein-

 

A lipoprotein-

 4.2.1. 

- -

-

4.2.2. - -C 

- -

-

23%- -C 21%- -

- 8%-
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3) a 

4).  

 - -ben 

juttat a TG-ben gazdag lipid - -re. A TG-ben 

-  

(54).  

- -IR pedig 78-

84%- -

inz -

- - -

-

-

-na -

-

105). 

M -

(25,105). 

- -

apoB- - -ben 

-B100 

3500. aminosava az LDL- az LDL-

(106 -

-
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apoB- NS, a HOMA, a T- -

-

-C ko . 

-

- -

Az apoA- -
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8. Summary 

 

Background. Obesity is the most common nutritional disease, and it is a major public health 

problem in many countries. It causes ill health and early death, and its metabolic 

consequences lead to increased liability to development of T2DM and cardiovascular disease. 

The prevalence of childhood and adolescent obesity has been increasing in the last decade 

over the world. Its associations with alterations of glucose and lipoprotein metabolism have 

been documented, and insulin resistance and hyperinsulinism were implicated in these 

associations. AN can be found in childhood obesity, it can be associated with insulin 

resistance, and it has been arisen as a physical marker of insulin resistance. 

Aims. Our studies demonstrated in the dissertation were aimed to determine the prevalence of 

alterations of glucose and lipoprotein metabolism in Caucasian-European obese children, to 

investigate the role of insulin resistance and hyperinsulinemia in development of these 

alterations, and to evaluate the impact of AN on development of these metabolic 

consequences of childhood obesity. 

Patients and methods. Obese children referred to obesity clinic were included into the 

studies. Their BMIs were over the 97
th

 BMI percentile and BMI SDS values were >2, 

according to sex and age. Oral glucose tolerance test (OGTT) was performed, insulin levels 

were measured, insulin resistance/sensitivity indexes were calculated, and lipoprotein 

parameters as well as atherogenic factors associated to HDL-C were also investigated.  

Results. In our studies the frequencies of IFG, IGT and T2DM were in accordance with other 

European studies performed in childhood obesity. Insulin resistance, based on elevated 

HOMA-IR, basal and reactive hyperinsulinemia were found in vast majority of the 

investigated children. The fact that alteration of glucoregulation was substantially less than 

insulin resistance, basal and reactive hyperinsulinemia, suggests that hyperinsulinemia can 

successfully compensate for insulin resistance in the majority of obese children. Since IFG 

was less frequent than IGT, there is a need for performing OGTT to demonstrate abnormality 

of glucoregulation in obese children. In obese adolescents insulin resistance and 

hyperinsulinemia essentially due to the obesity itself, however puberty can also contribute to 

their development. 

Obese children investigated in our studies were characterised a rather high frequency of 

atherogenic dyslipidemia, i.e. elevated TG and decreased HDL-C levels.  Paraoxonase, LCAT 
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and CETP activities as well as ICAM1 and VCAM1 concentrations did not differ in the 

groups with normal or decreased HDL-C level. However, the results suggest that atherogenic 

dyslipidemia has a complex influence to the parameters of HDL function in childhood 

obesity. 

Evaluating the role of insulin resistance and hyperinsulinemia, positive correlations were 

found between HOMA- itive 

significant correlations were found between HOMA-IR and T-C as well as TG, and a negative 

one between HOMA-IR and HDL-C. In addition, significant associations were demonstrated 

between reactive insulinemia and reactive blood glucose parameters, and it was also found 

that reactive insulinemia was associated with atherogenic dyslipidemia, using multiple linear 

regression analysis. These results prove a determining role of insulin resistance in developing 

abnormal glucoregulation and dyslipidemia.  

In ou

simple obesity. HOMA-IR did not differ in the two groups but ISI was lower in OAN 

compared to SO. The frequencies of abnormal basal and reactive hyperinsulinemia, IFG and 

IGT as well as increased HOMA-IR values did not significantly differ in the two subgroups, 

although ratios of abnormal results were higher in cases with AN. However, it was 

ascertained that all children with severe AN (grade 4) had an increased HOMA-IR. These 

results prove an important role of the reactive hyperinsulinemia in development of AN, and 

they suggest that in the cases with sever AN the probability of insulin resistance is high.  

As regards to lipoprotein metabolism, significant differences were found in TG and HDL 

values between the subgroups of SO and OAN. In addition, the frequencies of increased TG 

and decreased HDL-C were higher in the subgroup of OAN compared to SO. These results 

suggest that atherogenic dyslipidemia can be more pronounced in childhood obesity if it is 

associated with AN.  

Conclusion. Insulin resistance, basal and reactive hyperinsulinemia are frequent conditions in 

childhood obesity, frequency of IGT is also rather high. These metabolic factors can be 

considered as risk factors for development of T2DM. Dyslipidemia is also a frequent 

condition in childhood obesity. Insulin resistance and hyperinsulinemia play an essential role 

in its development. Dyslipidemia in childhood obesity is a risk factor of artherosclerotic 

cardiovascular disease, since atherosclerosis starts at childhood. Severe AN in childhood 
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obesity can be considered as a physical marker of insulin resistance, and obese children with 

AN have to be investigated for alteration of glucoregulation and dyslipidemia. 

Keywords: childhood obesity, insulin resistance, acanthosis nigricans
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