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Partea I: Sinteza bibliografica

Sindromul metabolic (SM) la copil a fost recunoscut ca entitate clinica distincta in
2001 — “sindrom dismetabolic”. Ultima definire (recomandatd la copiii cu varsta
cuprinsd intre 10 si 16 ani) conform recomandarilor Federatiei Internationale de Diabet
(IDF), din 2007 necesita ca si criteriu obligatoriu prezenta obezitatii centrale (apreciata
prin circumferinta taliei > percentila 90 pentru varsta, sex, rasd) si a doud dintre
urmatoarele: glicemie bazald > 100 mg/dl (5,6 mmol/l) sau diagnostic anterior de diabet
zaharat tip 2; hipertrigliceridemie > 150 mg/dl; fractiunea HDL — colesterol < 40 mg/dl;
TA sistolica > 130 mmHg sau TA diastolica > 85 mmHg (1). La copiii cu varsta de peste
16 ani se vor utiliza criteriile de definire folosite la adult. Nu se recomanda folosirea
termenului de SM sub varsta de 10 ani; se recomanda explorari vizand metabolismul
hidratilor de carbon, metabolismul lipidic, masurarea TA la copiii obezi cu antecedente
heredocolaterale de sindrom metabolic, diabet zaharat tip 2, dislipidemie, suferinta
cardiovasculara, HTA sau obezitate.

Rezultatele din literatura de specialitate, in ceea ce priveste SM la copilul si
adolescentul obez, variazd in limite largi in functie de zona geograficd si de criteriile
utilizate de autor pentru definire: intre 11,5% in Franta, 23,3% in Italia, 36% in Bolivia
s149,7% in SUA.

Dupa cum s-a mentionat, obezitatea este obligatorie pentru diagnosticul de
sindrom metabolic la copil. Tulburarile de glicoreglare sunt frecvente in obezitate.
Cresterea depozitelor viscerale de grasime determind un flux crescut de acizi grasi liberi
spre ficat, putdnd determina modificari ale dinamicii insulinei. Insulinorezistenta este
caracteristica principald a tulburarilor de glicoreglare din obezitate. Evolutia ulterioara
este: a) hiperinsulinism sau b) toleranta modificata la glucoza si diabet zaharat tip 2.

Dislipidemiile se definesc prin ansamblul tulburarilor cantitative si calitative ale
lipidelor plasmatice. In SM, clasic se descrie triada: trigliceride, LDL cu valori crescute si
HDL cu valori reduse.

Din tabloul clinic al SM face parte si hipertensiunea arteriala (HTA). Aceasta
se coreleaza strans cu obezitatea viscerala si insulinorezistenta

in tabloul clinic al SM, fira a reprezenta criterii de dignostic, mai pot apare:
suferinta hepatica non alcoolicai (NAFDL); markeri ai inflamatiei; status
protrombotic; hiperuricemie; hipercorticism; afectarea axei endocrine a cresterii.

Partea a ll-a: Cercetari personale

Lotul de studiu a fost reprezentat de un numar de 50 de copii si adolescenti obezi cu
varsta cuprinsa intre 3 si 19 ani, 19 fete, 31 baieti: lotul I — 15 copii, < 10 ani si lotul II —
35 copii, 10-19 ani. S-au efectuat masuratori auxologice: greutate, talie, indice de masa
corporald (IMC) utilizand un taliometru Secca 702 Hamburg. S-a masurat circumferinta
taliei. Criteriul includerii in lotul de studiat a fost IMC si circumferinta taliei peste
percentila 95 pentru varstd si sex. In lotul martor au fost inclusi un numar egal de
subiecti cu varstd si sex corespunzatoare lotului studiat, IMC calculat fiind intre
percentila 25-75 pentru varsta si sex.



Statistica:. S-a utilizat pachetul statistic Epiinfo 2000 si SPSS.

in capitolul | este analizata dislipidemia la copiii si adolescentii obezi din zona
noastrd geografica versus subiectii din lotul martor.

S-au efectuat urmatoarele determinari serice: colesterol total (mg/dl), HDL
colesterol ~ (mg/dl), trigliceride (mg/dl), utilizand o metoda colorimetrica, kituri
comerciale, aparat Vitros (SUA). Interpretarea rezultatelor s-a facut: prin raportare la
valorile normale pentru varsta si sex (percentila 5-90). S-au calculat: LDL colesterol
folosind formula Friedewald; trigliceride/HDL; LDL/HDL cholesterol; IMC scor Z .
Pentru calculul IMC scor Z, s-a folosit pachetul statistic Epi Info™ Versiunea 3.5, May
5, 2008, programul NutStat.

Comparativ cu lotul martor, la copiii obezi se remarca valori statistic semnificativ
crescute pentru colesterol total (p=0,016), LDL colesterol (p=0,001), trigliceride
(p=0,001) si pentru raportul trigliceride/HDL colesterol (p<0,001) si LDL/HDL
colesterol (p<0,001) si scazute pentru HDL colesterol (p=0,02).

Raportarea valorilor individuale la valorile normale pentru varstd si sex
(percentila 5-90), a aratat urmatoarea prevalenta in ordine descrescanda la obezi (separat
pe cele doua loturi si global): hipertrigliceridemie la 33,3%, 22,8% si respectiv 26%,
cresterca LDL colesterolului la 13,3%, 22,85% si respectiv 20% si scaderea HDL-
colesterolului la 6,6%, 2,85% si respectiv 4%. Intrucat la anumiti pacienti se asociau
doud sau chiar toate trei tipurile de modificari mentionate, 44% dintre pacienti au
prezentat dislipidemie.

La copiii normoponderali a fost inregistrata exclusiv hipertrigliceridemie la 13,3%
respectiv 2,85% in cele doua loturi structurate in functie de varsta.

Diferentele sunt statistic semnificative intre pacienti si martori pentru prevalenta
hipertrigliceridemiei si a hiper LDL colesterolemiei pentru tot lotul si la copiii peste 10
ani, atestand profilul aterogen la aceasta varsta.

Raportarea valorilor individuale la valorile utilizate in criteriile IDF de definire a
SM a condus astfel la prevalente fals crescute pentru hipo HDL colesterol si fals scazute
pentru hipertrigliceridemie motiv pentru care consideram ca o evaluare pertinenta nu este
posibild decat prin raportare la percentilele valorilor normale pentru varsta si sexul
pacientilor.

Capitol 11 evalueaza tulburarile de glicoreglare la copiii obezi comparativ cu un

lot martor. S-a efectuat testul de incarcare cu glucoza per os administrand glucoza 1,75
g/kgc (maxim 75 grame). S-au prelevat apoi alte patru probe de sange venos, la intervale
de 30 minute pana la 2 ore. Din fiecare proba s-a determinat: glicemia (mg/dl) si
insulinemia (nU/ml). Din proba bazald, s-au determinat si peptidul C bazal, colesterol
total si fractiunea HDL a acestuia, trigliceridele.
Insulinorezistenta a fost evaluatda prin calculul urmatorilor indici: HOMA-IR
(homeostasis model assessment-insulin resistance), QUICKI (quantitative insulin
sensitivity check index) si IRI (insulin resistance index) pentru componenta bazala si ISI
(insulin sensitivity index) pentru raspunsul la incarcarea cu glucoza. Secretia de insulina
a fost evaluata bazal prin indicele HOMA-B (homeostasis model assessment — insulin
secretion B cell) si dupa incarcarea cu glucoza prin indicii: IGI(index insulinogenic),
I/Gl(insulin/glucose index). Pentru diagnosticul diferitelor forme de disglicemie s-au
utilizat criteriile ADA. S-a considerat insulinorezistenta la valori ale HOMA-IR>3,15.



Glicemia, insulinemia serica, I/Gl (insulin/glucose index) si toti parametrii care
evalueaza insulinorezistenta prezinta valori semnificativ statistic mai mari la pacienti fata
de lotul martor (p<0,05).

Analiza individuald a parametrilor evaluati a permis incadrarea pacientilor si a
martorilor in urmatoarele tulburari de glicoreglare: insulinorezistenta 46% versus 18%
(p=0,009); glicemie bazald crescuta 26% versus 9% (p=0,087); tolerantd scazutd la
glucoza 22% exclusiv la pacienti (p=0,003). Un singur pacient, de sex masculin, in varsta
de 8 ani s1 7 luni, a prezentat diabet zaharat incadrat insa catip 1.

) La copiii si adolescentii obezi, trigliceridele si raportul trigliceridele/HDL
colesterol se coreleazd cu insulinemia bazald si parametrii care evaluaza
insulinorezistenta bazala: HOMA-IR, QUICKI.

in capitolul 111, este evaluati HTA la lotul de subiecti la care S—a masurat
tensiunea arteriala folosind metoda auscultatorie Korotkow. Tensiunea arteriald s-a
determinat in clinostatism la bratul drept, 3 determinari (s-a luat in considerare valoarea
cea mai micd) si s—a apreciat valoarea acesteia prin raportare la percentila 95 pentru
varsta si sex. S—a considerat HTA dacd pacientii aveau cel putin una dintre valori (TA
sistolica sau diastolica peste percentila 95 pentru varsta si sex).

La copiii din lotul II, pentru a caror varsta (10-19 ani) exista criterii de evaluare a
HTA recomandate de catre IDF, au fost utilizate in paralel si aceste criterii, rezultatele
fiind comparate si cu cele reiesite din evaluarea prin raportare la valorile hormale pentru
varsta si sex.

Prevalenta HTA (prin raportare la percentila 95) a fost de 33% la lotul 1, 42,8% la
lotul IT s1 40% global comparabila cu datele din literatura de specialitate: 23% in Spania,
24% in Bolivia (2), s1 49% in USA (3).

In lotul studiat, analizand prevalenta HTA s-au obtinut urmitoarele rezultate:
HTA sistolica izolata 24%; HTA diastolica izolata 0%; HTA sistolica si diastolica 16%.

Copii cu hipertensiune arteriala sistolicd (izolatd sau combinatd cu HTA
diastolicd) - 40% sunt in numar semnificativ mai mare comparativ cu cei cu hipertensiune
arteriala diastolica (izolatd sau combinata cu HTA diastolicd) - 16%, p=0,007.

Utilizarea criteriilor IDF pentru definirea HTA sistolice (izolate sau asociate cu
HTA diastolicd) sau HTA apreciatd global, la copiit din lotul 1II, duce la
subdiagnosticarea acesteia comparativ cu definirea HTA in functie de valorile normale
pentru varsta si sex, dar fard a se Inregistra diferente statistic semnificative intre
prevalentele obtinute prin utilizarea celor doud metode.

HTA sistolici si diastolica se coreleaza cu circumferinta taliei. Intre HTA si IMC
scor Z nu exista corelatie statistic semnificativa.

In capitol 1V, au fost evaluate alte elemente ale SM la copiii obezi: steatoza
hepatica (IV.1); acidul uric (IV.2); modificari endocrine in sindromul metabolic: secretia
de cortizol (IV.3.1) si axa endocrind a cresterii (IV.3.2)

S-a recoltat sange venos a jeune (dupa post prealabil de 12-14 ore). S-au
determinat: alaninaminotransferaza(ALAT, TGP) — aspartataminotransferaza (ASAT,
TGO); gama-glutamil transpeptidaza (yGT); acidul uric (mg/dl) care s-au raportat la
valorile normale recomandate de cétre laborator.

Tuturor subiectilor evaluati, li s-a efectuat ultrasonografie hepatica si s-a formulat,
(daca s-au constatat modificari specifice) diagnosticul de steatoza hepatica; s-a utilizat



ultrasonografia si nu examenul histopatologic prin punctie hepatica (,,standardul de aur”),
avand 1n vedere caracterul neinvaziv al primei metode.

Pentru evaluarea axului hipotalamo-cortico-suprarenalian s-au determinat din
sangele venos: cortizolemia si ACTH la ora 8 am (matinal) si cortizolemia si ACTH ora
20 (vesperal) iar pentru evaluarea axei endocrine a cresterii s-au determinat: hormonul de
crestere (STH) si somatomedina C (IGF1). A fost utilizat un analizor automat Immulite
2000 (SUA), printr-o metoda de chemiluminiscenta. Valorile obtinute s-au raportat la
valorile prag recomandate de laborator.

S-au obtinut urmatoarele prevalente: a)steatoza hepatica - 26% (comparativ cu
datele din literatura: Taiwan intre 16% si 63,5% (4); Italia — intre 2,5 si  58,5% (5);
b)citoliza hepatica 12% (la limita inferioara a intervalului raportat in alte studii: intre
11,7% in Franta (6) si 35,5% in Italia (7); C)colestaza 16%.

Transaminazele ASAT, ALAT, yGT, HOMA-IR, TA sistolica si diastolicd sunt
semnificativ statistic mai mari la pacientii cu steatoza hepatica versus subiecti obezi fara
steatoza hepatica.

Valorile transaminazelor se coreleaza pozitiv, semnificativ statistic, cu markerii
de severitate ai obezitatii (IMC scor Z si circumferinta taliei); ALAT se coreleaza, in
plus, cu trigliceride, insulinemie bazala, HOMA-IR, HOMA-B, putand afirma ca
severitatea citolizei se coreleaza cu gradul de severitate al obezitatii, ALAT fiind un
marker mai sensibil in acest sens.

Prevalenta hiperuricemiei a fost de: 36,8% la fete, 25,8% la baieti si, apreciata
global, 30%, rezultate comparabile cu cele raportate in literatura de specialitate (8,9).

Acidul uric seric se coreleaza cu: circumferinta taliei; HTA sistolica si diastolica;
HDL colesterol; insulinemia la 60 minute, peptid C, ISI; ALAT.

22% dintre subiecti prezinta valori crescute exclusiv pentru cortizolemia matinala
respectiv. 8% pentru cortizolemia recoltatd vesperal iar 8% prezintd valori mari atat
pentru cortizolul recoltat matinal cat si vesperal; asadar 38% dintre subiecti au valori ale
cortizolemiei serice peste limita superioard a normalului. Cortizolul seric se coreleaza
direct cu glicemia (bazalda si dupa TTGO) si cu insulinemia (TTGO) indicand
hipercortizolismul ca si element asociat sindromului metabolic la copiii obezi.

Dintre hormonii axului hipofizo cortico suprarenalian la subiectii cu si fara SM
numai cortizolul matinal prezinta valori semnificativ statistic mai mari la primul grup.

24% dintre subiecti au valori reduse ale hormonului de crestere iar 10% valori
mai mari comparativ cu valorile de referintd recomandate de catre laborator. IGF1 are
valori 1n limitele normale recomandate de catre laborator. Acesta se coreleaza pozitiv cu:
circumferinta taliei, tensiunea arteriald sistolica, trigliceride si negativ cu colesterolul
HDL.

In capitolul V a fost evaluat polimorfismului Prol2Ala a genei PPARY2 in
asociere cu elemente ale sindromului metabolic la copiii si adolescentii obezi din zona
noastra geografica.

Pentru determinarea polimorfismului Prol2Ala la nivelul genei activatorului
trascriptional PPAR-y, in prima etapa s-a extras ADN-ul genomic din 300ul de sange
periferic, utilizand kit-ul Wizard Genomic DNA Purification Kit (Promega, Madison,
USA). Genotiparea pentru polimorfismul PPARy Prol2Ala a fost efectuata prin doua
tehnici diferite: PCR-RFLP (Polymerase Chain Reaction-Restriction Fragments Length



Polymorphism) si ARMS-PCR (Amplification Refractory Mutation System - Polymerase
Chain Reaction).

Analizand un lot de 24 subiecti obezi S-au obtinut urmatoarele prevalente: 66%
genotip Pro/Pro, 29,16% genotip Pro/Ala, 4,16% genotip Ala/Ala. Acestea s-au incadrat
in limitele largi publicate in literaturd in functic de zona geografica, de etnie si de
patologia subiectilor: frecventa alelei Ala la caucazieni este intre 5,9 si 21,6% iar la
asiatici intre 1,7 s1 9,3% (10); Sokar raporteaza in Egipt, la subiectii obezi, prevalente de
53,33% genotip Pro/Pro, 20% Pro/Ala, 26,67% Ala/Ala.

Trigliceridele si glicemiile (bazala, la 30, 90, 120 minute) sunt semnificativ
statistic mai mari la subiectii care prezintd alela Ala comparativ la lotul de subiecti fara
subiectii cu alela Ala, ci cresterea glicemiei discordant fatd de datele publicate in alte
studii.

Capitolul VI prezintd o evaluare globala a sindromului metabolic. Prevalenta SM
a fost de 6,66% la lotul I, 25,7% la lotul II si respectiv 20% -global — rezultate
comparabile cu cele din literatura (11).

La lotul nostru s-au gasit valori statistic semnificative mai mari la copiii
diagnosticati cu SM versus subiecti obezi fara SM pentru circumferinta taliei, TA
sistolicd, trigliceride, glicemie bazala, steatoza hepatica, ALAT si acid uric.

Analizand frecventa diferitelor elemente componente ale SM la copiii obezi cu si
fara sindrom metabolic se remarca prevalenta statistic semnificativ crescutd a HTA
(p<0,001), glicemiei bazale crescute (p=0,01), HDL colesterolului scazut (p=0,01),
steatozei hepatice (p=0,01), hiperuricemieii (p=0,05), la subiectii obezi cu sindrom
metabolic. Desi fara diferenta statistic semnificativa se remarca o prevalenta crescuta si
pentru hipertrigliceridemie (20% versus 10%), hipercortizolism (60% versus 32,5%) ca si
pentru un alt element al disglicemiei, toleranta scazuta la glucoza (40% versus 17,5%) si
pentru insulinorezistenta, factor patogenetic al disglicemiei (70% versus 40%).

in capitol VII sunt prezentate concluzii generale.

1. Dislipidemia a fost diagnosticata la 44% dintre copiii si adolescentii obezi — prin
raportarea rezultatelor obtinute la percentila 5 si respectiv 90 ale valorilor normale pentru
varsta si sex. Au fost decelate urmatoarele modificari dislipidemice: hipertrigliceridemie
(26%), cresterea valorii LDL colesterolului (20%) si scdderea valorii HDL colesterolului
(4%) — profil lipidic cu potential aterogen. Evaluarea rezultatelor individuale prin
raportare la criteriile IDF conduce la o subdiagnosticare a dislipidemiei

2. Copiii si adolescentii obezi au prezentat insulinorezistenta intr-un procent de 46%.
Concomitent s-a inregistrat cresterea secretiei de insulind. Au fost prezente doua dintre
cele trei forme de disglicemie, cu urmatoarele prevalente: glicemie bazala crescuta (26%)
si toleranta scazuta la glucoza (22%).

Insulinemia bazald si indicii de insulinorezistentd bazali s-au corelat direct cu

trigliceridele si raportul trigliceride/HDL colesterol subliniid din nou legdtura stinsa
dintre aceste elemente ale sindromului metabolic.
3. La copiii si adolescentii obezi, indicii somatometrici (circumferinta taliei si IMC scor
Z) se coreleaza indirect cu HDL colesterolul si cu indicii de insulinorezistentd bazala
(QUICKI, IRI) argumentand pentru corelatia dintre dislipidemia si tulburarile de
glicoreglare cu severitatea obezitatii.



4. 40% dintre copiii si adolescentii obezi prezintd valori crescute ale tensiunii arteriale
(peste percentila 95 pentru varsta si sex). Prevalentele inregistrate la lotul de pacienti au
fost de: 24% pentru HTA sistolica izolata, 16% pentru HTA sistolicd si diastolica,
diferenta intre cele doua prevalente (HTA sistolica izolata si in asociere cu HTA distolica
versus HTA diastolicd) fiind statistic semnificativa.

Corelatia dintre TA sistolica si diastolica si circumferinta taliei la lotul de subiecti
obezi argumenteaza pentru rolul obezitatii ca factor de risc pentru HTA.

5. In lotul de copii obezi prevalenta sindromului de hepatocitolizi, colestazi si a steatozei
hepatice este de 12%, 16% si respectiv 26%.

Severitatea hepatocitolizei a depins de severitatea obezitatii; dintre cele doua
transaminaze ALAT s-a dovedit un marker mai sensibil in acest sens.

Pacientii cu steatoza hepaticd prezintd valori semnificativ mai mari pentru

transaminaze, YGT, HOMA-IR, TA sistolica si diastolicd comparativ cu pacientii obezi
fara steatoza.
6. Prevalenta hiperuricemiei in lotul de subiecti obezi a fost de 30%. Corelarea directa
dintre nivelul acidului uric seric cu severitatea obezitatii abdominale (cuantificata prin
circumferinta taliei) subliniaza rolul de factor de risc al obezitatii in cresterea acidului
uric seric.

Corelarea directd a valorilor acidului uric seric cu valorile TA sistolica si
diastolica si indirecta cu valoarea HDL colesterolului si cu indicele de insulinorezistenta
(ISI) sustine incadrarea hiperuricemiei ca element al SM la copiii obezi.

7. 38% dintre subiectii obezi prezinta valori crescute ale cortizolului seric; corelarea
directd a acestuia cu disglicemia (bazald sau la TTGO) si insulinemia (TTGO) indica
hipercortizolismul ca si element asociat SM la copiii obezi.

Subiectii cu SM prezintd valori mai mari pentru cortizolul seric comparativ cu
subiectii obezi fara sindrom metabolic.

8. Profilul hormonal bazal al axei endocrine a cresterii, in lotul de subiecti obezi,
furnizeaza urmatoarele rezultate: IGF 1 normal la toti subiectii si STH cu valori
variabile: normale, scdzute sau crescute la 66%, la 24% si respectiv la 10% dintre
subiecti, impunandu-se reevaluare endocrind dupa efectuarea unor teste de stimulare.

9. Prevalenta alelei Ala in randul copiilor obezi este de 33,33% si se asociaza, la copiii
obezi, cu hipertrigliceridemie si cu hiperglicemie sustindnd rolul posibil al acestui
polimorfism in aparitia dislipidemiei si a diabetului zaharat.

10. 50%, 14% si respectiv 6% dintre copii obezi au prezentat un criteriu, doud si respectiv
trei dintre cele patru criterii ,,clasice” (HDL colesterol scazut, hipertrigliceridemie, HTA,
glicemie bazald crescutd) de definire a SM, conform IDF. Prevalenta sindromului
metabolic a fost de 20%.

11. Elementele ,,clasice” de definire a SM (incluse in definirea acestuia la copil), au fost
prezente la copiii obezi cu sindrom metabolic in ordine descrescanda a prevalentei dupa
cum urmeaza: HTA, glicemie bazala crescutd, HDL colesterol scazut,
hipertrigliceridemie la 100%, 60%, 50% si respectiv 20% dintre pacienti.

Insulinorezistenta si componentele disglicemiei pe care le genereaza (glicemie
bazala crescutd, toleranta scazuta la glucoza) au fost prezente la 70%, 60%, 40% la copiii
obezi cu sindrom metabolic versus 40%, 17,5%, 17,5% la cei fara SM (cu diferenta
statistic semnificativd pentru prima componentd mentionatd) subliniid, din nou, rolul
patogenetic central al insulinorezistentei in SM.



Steatoza hepaticd, hiperuricemia, hipercortizolismul, considerate criterii

suplimentare de definire a SM au fost prezente la 60% dintre copiii obezi cu SM (cu
diferentd statistic semnificativa fatd de cei fara SM pentru primele doud criterii),
argumentand pentru evaluarea sistematica a acestora.
12. Obezitatea copilului este asociatd frecvent cu tulburari ale metabolismului lipidic,
gucidic, steatoza hepatica, HTA etc, in cadrul sindromului metabolic, cu consecinte
importante 1n special cardiovasculare si in aparitia diabetului zaharat de tip 2, impunand o
abordare terapeutica adecvata si masuri eficiente de profilaxie a obezitatii la copil.
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Part I: The status of research and knowledge

Metabolic syndrome in children has been recognized as a distinct clinical entity in
2001 — “dismetabolic syndrome”. The latest definition (recommended for children
between 10 and 16 years of age) according to the recommendations of the International
Diabetes Federation in 2007 the presence of central obesity (judged by waist
circumference > 90 percentile for age, sex, race) is a required criterion as well as fasting
plasma glucose > 100 mg/dl (5,6 mmol/l) or prior diagnosis of type 2 diabetes;
hypertriglyceridemia > 150 mg/dl; HDL — cholesterol < 40 mg/dl; systolic blood pressure
> 130 mmHg or diastolic blood pressure > 85 mmHg (1). For children over 16 years of
age, the same criteria as for adults must be applied. It is not recommended to use the term
metabolic syndrome under the age of 10; tests of carbohydrate metabolism, lipid
metabolism, blood pressure for children with family history of metabolic syndrome, type
2 diabetes, dyslipidemia, cardiovascular disorders, hypertension or obesity are
recommended.

In literature, the figures on the prevalence of metabolic syndrome in obese
children or adolescents vary depending on the geographic area and the criteria utilized by
the author for definition of the clinical entity: between 11,5% in France, 23,3% in Italy,
36% in Bolivia and 49,7% in the USA.

Obesity is mandatory for the diagnosis of metabolic syndrome in children.
Dysglycemia is frequent in obesity. Increased visceral fat deposits cause an elevated
amount of free fatty acids to be metabolized in the liver, this in turn may cause a
modification of insulin dynamic. Insulin resistance is the hallmark of blood sugar
regulation disorders associated with obesity. The subsequent evolution is a) insulin hyper
secretion b) modified glucose tolerance and type 2 diabetes.

Dyslipedemia is defined by the sum of cantitative and qualitative disorders of
blood lipids. In classic metabolic syndrome we have the triad of high triglycerides, high
LDL and low HDL.

Another clinical manifestation of metabolic syndrome is hypertension. It is
strongly correlated with visceral obesity and insulin resistance.

Other manifestations are nonalcoholic liver distress (NAFDL); inflammation
markers; prothrombotic status; hyperuricema; hipercorticism; endocrine growth
axis affliction.

Part I1: Personal research

The lot under study contained a number of 50 obese children and adolescents, 3
to 19 years of age, of which 19 girls and 31 boys. Lot I: 15 children <10 years old and lot
I1: 35 children between 10 and 19 years old. Auxologic tests were conducted to determine
the children’s weight, height, body mass index (BMI) using the Secca 702 Hamburg
taliometer. Waist circumference was measured. The inclusion criteria were BMI and
waist circumference over the 95th percentile for age and sex. The control group
consisted of an equal number of subjects with identical age and sex to the first group, but
a calculated BMI between the 25th and the 75th percentile for their age and sex.
Statistics:. The statistics software packages Epiinfo 2000 and SPSS were used.
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Chapter | analysis of dyslipidemia in obese children from our geographic area
versus the control group subjects.

The following serum determinations were made: total cholesterol (mg/dl), HDL
cholesterol (mg/dl), triglycerides (mg/dl), using a colorimetric method, commercial Kits,
Vitros apparatus (USA). The interpretation of results was made by comparison to normal
levels for relevant sex and age (5-90 percentile). We’ve calculated LDL cholesterol
utilizing the Friedewald formula; triglycerides/HDL; LDL/HDL cholesterol; BMI score
Z. In order to compute BMI score Z we have used statistical software Epi Info™ 3.5,
May 5, 2008, and the NutStat program.

In comparison with the control group, the obese children presented statistically
relevant elevated levels of total cholesterol (p=0,016), LDL cholesterol (p=0,001),
triglycerides (p=0,001) and for triglyceridessHDL cholesterol ratio (p<0,001) and
LDL/HDL cholesterol ratio (p<0,001) and low levels of HDL cholesterol (p=0,02).

Comparing individual levels to normal levels for age and sex (5-90 percentile)
revealed the following prevalence in descending order for obese (separated for the two
lots and globally): hipertriglyceridemia in 33,3%, 22,8% and respectively 26%, high LDL
cholesterol for 13,3%, 22,85% and respectively 20% and low HDL-cholesterol for 6,6%,
2,85% and respectively 4%. Some patients exhibited two or even all three disorders, 44%
of patients exhibited dyslipidemia.

In the control group the only disorder registered was hypertriglyceridemia for
13.3% respectively 2.85% between the two lots that were structured by age.

The differences between the patients and control group are statistically relevant
for the prevalence of hypertriglyceridemia and hyper LDL cholesterolemia for the whole
lot and the children over 10 years of age, demonstrating atherogenic predisposition.

Using IDF criteria has lead to a false increase prevalence for low HDL cholesterol
and false decrease for hypertriglyceridemia, thus we consider a pertinent evaluation
impossible without comparison with the normal value percentiles for relevant age and
Sex.

Chapter 11 evaluates dysglycemia in obese children compared to a control group.
The oral glucose tolerance test (OGTT) was done, administering 1.75 g/kg (maximum of
75 grams) glucose orally. Venous blood samples were collected every 30 minutes for 2
hours. The glycemia (mg/dl) and insulinemia (uU/ml) were determined. From the basal
sample we also determined C peptide, total cholesterol, HDL cholesterol, and
triglycerides.

Insulin resistance was evaluated by calculating the following: HOMA-IR
(homeostasis model assessment-insulin resistance), QUICKI (quantitative insulin
sensitivity check index) si IRI (insulin resistance index) for the basal component and ISI
(insulin sensitivity index) for glucose tolerance test response. Basal insulin secretion was
evaluated with the HOMA-B index (homeostasis model assessment — insulin secretion f3
cell) and after testing with: 1GI (insulinogenic index), I/Gl(insulin/glucose index). To
diagnose different forms of dysglycemia we used ADA criteria. We considered insulin
resistance for levels of HOMA-IR>3,15.

Glycemia, insulinemia, 1/GI (insulin/glucose index) and all other parameters that
evaluate insulin resistance presented statistically relevant higher levels for the patients as
opposed to the control group. (p<0,05).
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Analysis of individual parameters has permitted the classification of patients and
control group in the following glucoregulation disorders: insulin resistance 46% versus
18% (p=0,009); impaired fasting glucose 26% versus 9% (p=0,087); impaired glucose
tolerance 22% exclusively for patients, not control group (p=0,003). A single male
patient, 8 years and 7 months of age presented with diabetes mellitus, which was however
type 1.

) In obese children and adolescents triglycerides and triglycerides/HDL cholesterol
are correlated with basal insulinemia and the parameters that evaluate basal insulin
resistance: HOMA-IR, QUICKI.

In chapter 11l hypertension is evaluated on the patients, by means of the
auscultatory Korotkow method. Blood pressure was determined on the right arm while
lying down after 3 determinations (the smallest of which was taken into account) and the
value obtained was compared to the 95" percentile for the relevant age and sex.
Hypertension was considered for patients that had at least on of the levels (systolic or
diastolic blood pressure above the 95™ percentile for relevant age and sex).

For the children in lot Il, who were 10-19 years old, there were IDF recommended
blood pressure evaluation criteria, which were used in parallel with these criteria, the
results obtained with this method were compared with the ones obtained through
comparison with normal levels for relevant age and sex.

High blood pressure prevalence (by comparison to the 95" percentile) was 33%
for lot I, 42, 8% for lot 11 and 40% globally, comparable to data from relevant literature:
between 23% in Spain, 24% in Bolivia (2), and 49% in the USA (3).

For the patients the high blood pressure prevalence was: isolated high systolic
blood pressure 24% isolated high diastolic blood pressure 0%, and 16% for high systolic
and diastolic blood pressure.

The children with high systolic blood pressure (isolated, or combined with
diastolic high blood pressure) — 40% was significantly higher than those with high
diastolic blood pressure) — 16%, p=0,007.

Utilizing IDF criteria for defining systolic hypertension (isolated or associated
with high diastolic hypertension) or overall hypertension for children in lot Il leads to an
underdiagnostication of hypertension compared to definition by comparison with normal
levels for age and sex but without statistical difference between the two.

High systolic and diastolic blood pressure is correlated with waist circumference;
between hypertension and BMI score Z there is no statistically relevant correlation.

In chapter 1V we have evaluated other elements of metabolic syndrome in obese
children: hepatic steatosis (IV.1); uric acid (IV.2); endocrine modifications in metabolic
syndrome: cortisol secretion (1VV.3.1) and endocrine growth axis (1V.3.2)

Venous blood was taken after 12 hours of fasting. We have determined: alanine
amino-transferase (ALT) — aspartate amino-transferase (AST); gamma glutamyl
transferase (yamma-GT); uric acid (mg/dl) which were compared to normal levels for the
laboratory in question.

All subjects under evaluation were tested for hepatic steatosis by an ultrasound of
the liver, and the diagnosis was formulated (if the presence of specific modifications was
detected). The hepatic steatosis diagnosis was formulated through ultrasound rather than
biopsy followed by hystopatological examination (the gold standard) because the later
represents an invasive maneuver with potential risks compared to an ultrasound.
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To evaluate the hipotalamo-cortico-suprarenalian axis we determined the
cortisolemia and ACTH in venous blood at 8 a.m. (morning) and then again at 8 p.m.
(evening) and for evaluation of the endocrine groth axis we have determined growth
hormone (STH) and somatomedine C (IGF1). We utilized an automated analyzer
Immulite 2000 (USA), the principle of which is chemiluminescence. The levels obtained
were compared to normal levels for the laboratory conducting the tests.

The following prevalence was reported: a) hepatic steatosis — 26% (comparable to
other data found in the literature Taiwan between 16% and 63.5% (4), Italy — between 2.5
and 58.5% (5))b) cytolysis: 12% (at the lower limit of levels reported in other studies:
between 11.7% in France (6) and 35.5% in Italy (7)) c) cholestasis: 16%.

AST, ALT, yGT, HOMA-IR systolic and diastolic blood pressure were
statistically significantly greater for patients with liver steatosis as opposed to patients
without steatosis.

Transaminases levels are statistically significantly correlated with obesity severity
markers (BMI score Z and waist circumference); ALT also correlates to triglycerides,
basal insulinemia, HOMA-IR, HOMA-B, thus leading to the conclusion that cytolysis
severity correlates with the degree of obesity and ALT is a more accurate marker of this.

Prevalence of hyperuricemia was 36.8% for girls, 25.8% for boys and 30%
globally, results that are comparable to the existing literature. (8,9)

Uric acid correlates with: waist circumference; systolic and diastolic blood
hypertension; HDL cholesterol; insulinemia at 60 minutes, C peptide, ISI; ALT.

22% of the subjects show elevated levels for blood cortisol only in the morning,
8% show elevated levels only in the evening, and 8% show elevated levels both in the
morning and evening; so 38% of subjects have elevated levels of blood cortisol. Blood
cortisol is directly correlated with glycemia (fasting and after glucose tolerance test) and
with insulinemia (during glucose tolerance test) indicating high serum cortisol as being
associated with metabolic syndrome in obese children.

Of the hipofizo-cortico-suprarenalian hormone axis only morning cortisol shows
statistically relevant difference between the two groups, subjects and control group.

24% of the subjects showed reduced levels of growth hormone and 10% have
showed increased levels according to the references recommended by the laboratory.
IGF1 levels were normal according to references recommended by the laboratory. It
correlates positively with: waist circumference, systolic blood pressure, triglycerides and
negatively with HDL cholesterol.

In chapter V we evaluated the Prol2Ala polymorphism of the PPARY2 gene in
association with elements of metabolic syndrome in obese children and adolescents in our
geographic area.

In order to determine the Prol2Ala polymorphism of the transcriptional activator
of PPAR-y gene, we first extracted the genomic DNA in 300ul of peripheral blood using
the Wizard Genomic DNA Purification Kit (Promega, Madison, USA). Genotyping for
the Prol12Ala polymorphism of the PPARY2 gene was carried out in two ways: PCR-
RFLP (Polymerase Chain Reaction-Restriction Fragments Length Polymorphism) and
ARMS-PCR (Amplification Refractory Mutation System - Polymerase Chain Reaction).

The following prevalence was obtained when analyzing a group of 24 obese
subjects: 66% Pro/Pro genotype, 29, 16% Pro/Ala genotype, 4,16% Ala/Ala genotype.
These figures are coherent with the data found in relevant literature for this geographic
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area., the patients’ ethnicity and pathology: Ala allele frequency in Caucasians was
between 5,9 and 21,6% and for Asians between 1,7 and 9,3% (10); in Egipt Sokar reports
a 53,33% prevalence for Pro/Pro genotype, a 20% Pro/Ala genotype and a 26,67%
Ala/Ala genotype.

Triglycerides and glycemic levels (basal, at 30, 90 and 120 minutes) are
statistically significantly higher in subjects that carry the Ala allele in comparison with
the lot without Ala allele. The subjects didn’t show increased insulin sensitivity in
subjects with Ala allele, but an increase in blood sugar that contradicted data from other
studies.

Chapter VI represents a global evaluation of metabolic syndrome. Metabolic
syndrome prevalence was 6.66% in lot I, 25.7% in lot Il and 20% globally, results
comparable to those found in relevant literature (11).

There is statistically significant higher levels for children with metabolic
syndrome compared with children without metabolic syndrome for waist circumference,
hypertension, systolic hypertension, triglycerides, fasting glucose, hepatic steatosis, ALT
and serum uric acid.

Analyzing the frequency of metabolic syndrome components in obese children
with and without metabolic syndrome we could see that the prevalence of hypertension
was statistically significantly higher (p<0,001), impaired fasting glucose (p=0,01) low
HDL cholesterol (p=0,01), hepatic steatosis (p=0,01), hyperuricemia (p=0,05), in obese
subjects with metabolic syndrome. Although without statistically relevant difference we
could see an increased prevalence for hipertriglyceridemeia (20% versus 10%), high
blood cortisol levels (60% versus 32,5%) as well as another element of disglycemia, low
tolerance to glucose (40% versus 17,5%) and for insulin resistance, a pathogenetic factor
for glucose regulation disorders (70% versus 40%).

In chapter VII we have presented general conclusions.

1. 44% of the obese children and adolescents were diagnosed with dyslipidemia
by comparison of their results to the 5™ and 90" percentile of normal levels for age and
sex. The following dyslipidemic troubles were detected:: hipertriglyceridemia (26%),
high levels of LDL cholesterol (20%) and low levels of HDL cholesterol (4%) —
potentially atherogenic lipid profile. Evaluation of individual results in respect to IDF
criteria leads to an underdiagonstication of dyslipidemia.

2. 46% of obese children and adolescents have demonstrated insulin resistance. A
simultaneous increase in insulin secretion was registered. Two of the three forms of
disglycemia were present with the following prevalence: impaired fasting glucose (26%)
and impaired glucose tolerance (22%).

Basal insulinemia and basal insulin resistance indices were directly correlated
with triglycerides and the triglyceride/HDL cholesterol ratio, demonstrating once again
the connection between these elements of metabolic syndrome.

3. Somatometric indices for obese children and adolescents (waist circumference
and BMI score Z) correlate indirectly with HDL cholesterol and basal insulin resistance
indices (QUICKI, IRI), pleading for correlation between dyslipidemia and glycemic
disorders and severity of obesity.

4. 40% of the obese children and adolescents have showed hypertension (above
the 95™ percentile for age and sex). The prevalence for the subjects was: 24% for isolated
systolic hypertension, 16% for systolic and diastolic hypertension, the difference between
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the two (isolated systolic hypertension alone, or associated with diastolic hypertension vs.
diastolic hypertension) being statistically significant.

The correlation between systolic, diastolic blood pressure and waist
circumference in the obese subject group pleads for obesity being a risk factor for
hypertension.

5. The prevalence for hepatic cytolysis, cholestasis and hepatic steatosis was 12%,
16%, and 26%.

The degree of severity of hepatic cytolysis depended on the degree of obesity, of
the studied enzymes ALT proved to be a better maker of this. Patients with hepatic
steatosis present significantly higher levels of AST, ALT, yGT, HOMA-IR, systolic and
diastolic blood pressure compared to obese patients without steatosis.

6. The prevalence of hyperuricemia in the studied lot of obese subjects was 30%.
The direct correlation between the levels of uric acid in the blood and the degree of
abdominal obesity (quantified by waist circumference) demonstrates the role of obesity
as a risk factor for increased levels of blood uric acid.

The direct correlation of uric acid levels with systolic and diastolic blood pressure
levels and the indirect correlation with HDL cholesterol levels and the insulin resistance
index (ISI) supports hyperuricemia as being an element of metabolic syndrome in obese
children.

7. 38% of the obese subjects have showed elevated levels of serum cortisol; the
direct correlation between this cortisol and the dysglycemia (both basal and during the
glucose tolerance test) and insulinemia (during the glucose tolerance test) indicate that
high cortisol levels are also an element associated with metabolic syndrome in obese
children.

Subjects with metabolic syndrome showed higher levels of serum cortisol
compared to obese subjects without metabolic syndrome.

8. The basal hormone profile of the endocrine growth axis for the obese subjects
yielded the following data: IGF 1 normal for all subjects and STH with varied levels:
normal, low or high in 66%, 24% and 10% of subjects respectively, endocrine
reevaluation may be necessary after some stimulation tests

9. The prevalence of Ala allele among obese children is 33,33% and is associated,
in this case with high levels of triglycerides and high levels of fasting glucose supporting
the possible role of this polymorphism in the appearance of dysglycemia and diabetes
mellitus

10. 50%, 14% and 6% of the obese children exhibited one, two and three of the
four ‘classic’ criteria (low HDL cholesterol, high triglyceride levels, hypertension, high
fasting glucose) necessary for the clinical definition of metabolic syndrome, according to
IDF. Metabolic syndrome prevalence was 20%

11. The ,,classical” elements of defining the metabolic syndrome (included in its
definition in children) were seen in obese children with metabolic syndrome in
decreasing order of prevalence as it follows: HTA, increased fasting glucose, low HDL,
hypertriglyceridemia at 100%, 60%, 50% and 20% of the patients.

Insulin resistance and the components of disglycemia generated (increased fasting
glucose, impaired glucose tolerance) were seen at 70%, 60%, 40% of the obese children
with metabolic syndrom in comparison with the children without the syndrome whose
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values were semnificatevely lower: 40%, 17,5%, 17,5%. This underlines once again the
central, pathogenetic role of the insulin resistance in metabolic syndrome.

Hepatic steatosis, hyperuricemia, hypercortisolism, also considered to be criteria
of defining the metabolic syndrome were seen at 60% of the obese children with
metabolic syndrome (presenting a big statistical difference in comparison with the first
two criteria seen at those without the syndrome), pleading for the systematic evaluation
of the obese ones.

12. As part of the metabolic syndrome obesity in children is often associated with
disorders of lipid and glucidic metabolism, hepatic steatosis, HTA etc, with important
consequences like: cardiovascular problems and the appearance of type 2 diabetes,
requiring an adequate therapeutical approach and efficient measures for the profilaxy of
obesity in children.
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