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Cuvinte cheie: obezitate infantils, adipozitate abdominal, chitotriozidaza-1, indexul
imuno-inflamator sistemic, raportul neutrofile-limfocite, raportul trombocite-limfocite,
rezistentd la insulind, dislipidemie, analiza multivariata, dup24, G102S, evaluare
longitudinala.

INTRODUCERE

Prevalenta obezitatii in populatia pediatrica a crescut la nivel global de la 2,9% la
6,8% in ultimele doua decenii, contribuind la progresia mai rapida spre un stadiu sever
de obezitate la aceasta categorie de varsta. La nivel national, 28,3% dintre copii prezinta
suprapondere, potrivit criteriilor Organizatiei Mondiale a Sanatatii. Supraponderea si
obezitatea infantild se asociaza, inca din perioada copilarilei, cu factorii de risc cardio-
metabolic, precum dislipidemia, rezistenta la insuling, hipertensiunea arteriald si
tulburarile metabolismului glucidic, care contribuie la cresterea morbiditatii de cauza
cardio-vasculara in perioada de adult tanar.

Studiul indicatorilor inflamatiei la copiii cu suprapondere sau obezitate prezinta
o importantda relevantda clinici deoarece mecanismele inflamatorii mediaza relatia
dintre excesul ponderal, in special cel cu distributie viscerala, si complicatiile obezitatii.
Acumularea de lipide si eliberarea citokinelor de catre macrofagele pro-inflamatorii la
nivelul tesutului adipos contribuie la diminuarea sensibilitatii celulare la actiunea
insulinei, sindrom metabolic si diabet zaharat tip 2. Identificarea unor indicatori ai
inflamatiei de grad scdzut, in stadiile incipiente ale obezitatii poate contribui la
evaluarea si preventia complicatiilor obezitatii in populatia pediatrica. Dintre indicatorii
inflamatiei cel mai frecvent utilizati in practica clinicd sunt proteina C-reactiva si
numdrul absolut al leucocitelor si al subpopulatiilor acestora, neutrofile si limfocite.
Recrutarea neutrofilelor, infiltrarea cu macrofage si activarea limfocitelor sunt procese
timpurii ale inflamatiei tesutului adipos. De asemenea, un nivel ridicat de adipozitate
este asociat cu secretia leptinei, cu rol mielo-proliferativ. Prin urmare, studiul acestor
celule are importanta clinica in exprimarea gradului de inflamatie asociat excesului
ponderal.

Expresia chitotriozidazei-1, principalul reprezentant al familiei chitinazelor la
om, reflecta activitatea pro-inflamatorie a macrofagelor. Pacientii pediatrici cu
intolerantd la glucoza sau adulti cu ateroscleroza, diabet zaharat tip 2 si steatoza
hepatica non-alcoolicd prezintd o activitate circulanta crescutda a chitotriozidazei-1.
Nivelul activitatii enzimatice prin metoda clasica, cu utilizarea 4-metilumbeliferil-
chitotriozidei ca substrat, este influentat de genotipul unor variante ale genei CHIT1,
dintre care cele mai frecvente sunt duplicatia a 24 perechi de baze in exonul 10 si
inlocuirea guaninei cu adenina la nivelul exonului 4 al genei CHIT1.

Modificdrile sugestive pentru hipotiroidismul subclinic, si anume cresterea
izolata a concentratiei hormonului tireo-stimulant (TSH), sunt mai frecvente la pacientii
pediatrici cu obezitate In comparatie cu cei cu greutate normald. Printre procesele
inflamatorii care pot influenta aceastd relatie se numara: efectul citokinelor asupra
celulelor tiroidiene, inducerea unor modificari tiroidiene de tip autoimun de catre
limfocitele T, respectiv inhibitia actiunii hormonului tireo-stimulant de catre leptina.
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CONTRIBUTII PERSONALE

Cercetarea de fatd si-a propus identificarea unor indicatori ai statusului
inflamator la copiii cu suprapondere sau obezitate si asocierea acestora cu modificarile
premergatoare sindromului metabolic, precum dislipidemia si rezistenta la insulina.

Studiul 1. Analiza longitudinala a profilului metabolic si hormonal in relatie cu
variatia excesului ponderal la copii. Studiu-pilot monocentric

Scop: evaluarea relatiei dintre progresia adipozitatii si evolutia profilului hormonal,
metabolic si inflamator la copilul cu suprapondere sau obezitate.

Obiective: i). evaluarea in dinamica a relatiei dintre scorul z IMC-varsta si respectiv,
circumferinta abdominala si modificarile de laborator recomandate de catre ghidul
national pentru screening-ul complicatiilor la copiii cu suprapondere sau obezitate; ii).
evaluarea in dinamica a relatiei dintre scorul z IMC-varsta si respectiv, circumferinta
abdominala si indicatorii inflamatiei de grad scazut la copiii cu suprapondere sau
obezitate.

Pacienti si metode: S-a realizat o analiza longitudinala retrospectivda a datelor
pacientilor pediatrici evaluati in perioada ianuarie 2017 - martie 2019 in Clinica
Pediatrie 1, Spitalul Clinic de Urgentd pentru Copii din Cluj-Napoca. S-au evaluat in
dinamicd parametrii clinici si biochimici recomandati de ghidul national de diagnostic si
tratament in obezitate la copil din 2011 la pacientii cu varsta Intre 2 -17 ani cu
suprapondere sau obezitate. Am evaluat indicatorii clinici (scor z IMC-varsts,
circumferintd abdominald, tensiune arteriald sistolica si diastolicd), indicatorii
inflamatori (valoarae absolutd leucocite si neutrofile, proteina C-reactiva), profilul
metabolic (transaminaze (AST, ALT), acid uric, glicemia matinald, concentratie
trigliceride, fractiunea de lipoproteine cu densitate inalta (HDL) a colesterolului),
valoarea insulinemiei matinale si cortizolemia.

Rezultate: Douazeci si doi de pacienti pediatrici (77,3 % fete) cu mediana varstei egala
cu 13 ani (IQR, 7,25 - 15) au fost urmariti pentru o perioada mediana de 7,5 luni (IQR,
6,25 - 9,75). La evaluarea initiala 18 pacienti erau cu obezitate (scor z IMC-varstad >2),
dintre care 10 cu obezitate severd, iar 4 pacienti au fost supraponderali (scor z IMC-
varstda 21). Cresterea nivelului de adipozitate generalizatda (scor z IMC-varstd) si
abdominala (circumferinta abdominald) nu a fost semnificativa la re-evaluare. Cu toate
acestea, am observat o crestere semnificativa a insulinemiei bazale de la 14,9 pulU/ml
(10,6 -25,4) 1a 20,5 plU/ml (11,4 - 33,5), insotita de o scadere semnificativa a glicemiei
matinale. La intrarea in studiu, 9% dintre copii au prezentat hiperinsulinism, iar 30% au
dezvoltat hiperinsulinism la re-evaluare, in conditiile unor valori euglicemice. Scorul z
IMC-varsta s-a corelat semnificativ cu nivelul proteinei C-reactive (coeficient Spearman,
p=0,70, p=0,03) la intrarea in studiu, si respectiv cu nivelul HDL-colesterol la re-
evaluare (coeficient Spearman, p=-0,52, p=0,032).

Concluzii: Studiul de fata este prima analiza a evolutiei parametrilor clinici si de
laborator recomandati de ghidul national pentru screeningul complicatiilor la copiii
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supraponderali din Romania. Principalele modificiari au fost progresia riscului de
rezistentd la insulind (nivelul insulinemiei bazale), a dislipidemiei (nivelul HDL-
colesterol), precum si a inflamatiei de grad scazut (nivelul proteinei C-reactive). Acesti
factori, care se asociaza cresterii riscului cardiometabolic, pot evolua independent de
acumularea de tesut adipos cu distributie generalizatd sau abdominala la copiii cu
suprapondere sau obezitate fara sindrom metabolic.

Studiul 2. Influenta statusului ponderal asupra inflamatiei de grad scazut si a
functiei tiroidiene la copiii cu suprapondere sau obezitate

Obiective: i). evaluarea relatiei dintre gradul de exces ponderal si indicii derivati din
subpopulatiile celulare leucocitare si trombocite (raport neutrofile-limfocite, index
imuno-inflamator sistemic, raport trombocite-limfocite); ii). evaluarea relatiei dintre
gradul de exces ponderal si indicatorii functiei tiroidiene.

Pacienti si metode: S-a realizat un studiu transversal cu culegere de date retrospectiva
din perioada ianuarie 2017 - ianuarie 2019. Au fost inclusi pacienti cu diagnosticul de
suprapondere sau obezitate (Clasificare Internationala a Bolilor, E66.0 sau E66.9), cu
varsta cuprinsd intre 2-18 ani evaluati in Serviciul Ambulatoriu de Endocrinologie al
Spitalului Clinic de Boli Infectioase si Clinica Pediatrie 1 a Spitalului Clinic de Urgenta
pentru Copii Cluj-Napoca. Gradul de exces ponderal a fost definit conform Organizatiei
Mondiale a Sanatatii (scorul z IMC-varsta) (=1 pentru suprapondere, =2 pentru
obezitate, 23 pentru obezitate severad). Indicatorii inflamatori evaluati au fost: numarul
absolut al leucocitelor (LEU), neutrofilelor (NEU), limfocitelor (LIM), trombocitelor
(TR), proteina C-reactiva. Pe baza acestora, s-au calculat: raportul neutrofile-limfocite
(RNL-raportul dintre numadrul absolut al neutrofilelor si al limfocitelor), raportul
trombocite-limfocite (RTL-raportul dintre numarul absolut al trombocitelor si cel al
limfocitelor), indexul imuno-inflamator sistemic (IIS-raportul dintre produsul
neutrofilelor si limfocitelor si trombocite). Parametrii functiei tiroidiene au fost:
hormonul tireo-stimulant (TSH) si fractiunea libera a tiroxinei (fT4).

Rezultate: Patruzeci si patru de pacienti cu suprapondere cu varsta medie de 12,78+2,5
ani, 57 pacienti cu obezitate cu varsta medie 11,58+3,13 ani, respectiv 41 pacienti cu
obezitate severa si varsta medie 8,98+3,7 au fost inclusi in studiu. Pacientii cu obezitate
severd au avut o varstd semnificativ mai micd decit a celor din grupurile cu
suprapondere si obezitate (test ANOVA, p<0,001). Nu a existat o diferenta semnificativa
a distributiei variabilei sex intre grupuri (test Fisher, p=0,468).

Numarul absolut de leucocite a fost semnificativ mai crescut la pacientii cu obezitate
severd decat la cei cu suprapondere si obezitate (test Mann Whitney, p=0,03, respectiv
p=0,04) si nu s-a asociat cu varsta (coeficient Spearman, p=0,13, p=0,07) sau cu sexul
(test Kruskal-Wallis, p=0,81). In ce priveste subpopulatiile leucocitare, numirul absolut
de neutrofile si limfocite a fost semnificativ mai crescut la adolescentii cu obezitate
severd decat la cei cu suprapondere (test Mann Whitney, p=0,005, respectiv test Levene,
p=0,02). Nu au existat diferente semnificative ale valorilor RNL, RTL, respectiv IIS intre
grupurile de suprapondere, obezitate, obezitate severa.
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S-a observat o crestere cu tendintd la semnificatie a valorii TSH de la grupul cu
suprapondere la cel cu obezitate si obezitate severd (test ANOVA, p=0,07). Zece pacienti
(8,19%) au prezentat o crestere izolatd a TSH, iar patru (3,36%) au prezentat o valoare
crescuta a TSH si scazuta a fT4. Nu a existat o corelatie semnificativa intre indicatorii
inflamatori si parametrii functiei tiroidiene.

Concluzii: Cresterea numarului absolut al leucocitelor si al subpopulatiilor leucocitare,
neutrofile si limfocite, cu gradul adipozitatii la copil sugereaza initierea proceselor
inflamatorii de grad scazut. Studii recente sustin implicarea leptinei in proliferarea
liniei mieloide, precum si rolul acestor celule In medierea inflamatiei la nivelul tesutului
adipos. Aceste rezultate prezinta relevanta clinica, fiind usor accesibile in practica
medicala. O tendintd la hipotiroidism subclinic la copiii cu exces ponderal sugereaza
modificari timpurii ale functiei tiroidiene la aceasta categorie, posibil mediate de
inflamatia de nivel scazut.

Studiul 3. Cresterea activitatii plasmatice a chitotriozidazei-1 este asociata cu
obezitatea la copil: rolul a doua variante comune ale genei CHIT1

Scop: evaluarea activitatii plasmatice a chitotriozidazei-1 ca indicator al inflamatiei de
grad scazut la copiii cu suprapondere sau obezitate

Obiective: i). evaluarea asocierii activitdtii plasmatice a chitotriozidazei-1 si a
indicatorilor inflamatori folositi in practica clinica cu nivelul adipozitatii la copil; ii).
evaluarea relatiei dintre activitatea plasmatica a chitotriozidazei-1 si genotipurile
dup24 si G102S ale genei CHIT1 la copiii cu grade diferite de exces ponderal; iii.
evaluarea rolului scorului z IMC-varsta, a variantelor dup24, G102S, respectiv a varstei
si sexului in predictia variabilitatii activitatii plasmatice a chitotriozidazei-1.

Pacienti si metode: S-a realizat un studiu transversal cu culegere de date consecutiva
care a inclus pacienti pediatrici evaluati in perioada septembrie 2019 - iulie 2020 in
Serviciul Ambulatoriu de Endocrinologie al Spitalului Clinic de Boli Infectioase, Clinica
Pediatrie 1 si Compartimentul de Geneticd Medicala ale Spitalului Clinic de Urgenta
pentru Copii Cluj-Napoca. Au fost inclusi pacienti cu varsta cuprinsa intre 5-18 ani care
au prezentat suprapondere sau obezitate conform criteriilor OSM pentru populatia
pediatricd. Grupul control a inclus pacienti sdndtosi cu greutate normala (<1 scor z IMC-
varstd). S-a evaluat nivelul de adipozitate prin scorul z IMC-varsta potrivit OSM,
circumferinta abdominald, raportul circumferinta abdominald/solduri, precum si prin
procentul de tesut adipos si non-adipos masurate prin bio-impedantd electrica.
Activitatea plasmaticaA a chitotriozidazei-1 (CHIT1) s-a masurat prin metoda
fluorometrica folosind 4-metillumbeliferil-chitotriozida ca substrat al reactiei si fiind
exprimatd in nanomoli de substrat hidrolizat per mililitru per ora. De asemenea, s-au
evaluat urmatorii indicatori inflamatori: fibrinogenul (FBG), proteina C-reactiva (PCR),
feritina (FER), numadrul total de leucocite (LEU) si viteza de sedimentare a hematiilor
(VSH). Analiza genetica a genei CHIT1 a inclus reactia de polimerizare in lant (RPL),
separarea fragmentelor amplificate in gel de agaroza si confirmarea prin secventiere
Sanger a duplicatiei a 24 perechi de baze din exonul 10 (dup24), respectiv analiza de
discriminare alelica RPL in timp real pentru polimorfismul G102S.
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Rezultate: Treizeci si doi pacienti de sex masculin cu o varsta medie de 11,93+3,18 ani
si, respectiv 32 pacienti de sex feminin cu o varsta medie de 12,44+3,59 ani au format
subgrupurile de exces ponderal: 10 pacienti cu suprapondere, 33 pacienti cu obezitate
si 21 pacienti cu obezitate severa. Pacientii din grupul control (3 fete si 4 baieti) au avut
o varstda mediana de 13,15 ani (IQR, 10,54-16,86). Gradul de exces ponderal nu a fost
influentat de sex (test Fisher, p=0,06), dar rata obezitatii severe a fost semnificativ mai
mare la pacientii cu varsta mai micd comparativ cu cea a obezitatii (test Mann Whitney,
p<0,01).

Activitatea plasmaticad a chitotriozidazei-1 a fost semnificativ mai crescuta la pacientii
cu obezitate si obezitate severa comparativ cu pacientii cu greutate normala (test Mann
Whitney, p=0,02). In ceea ce priveste asocierea dintre indicatorii inflamatori si nivelul
de adipozitate, activitatea plasmaticd a CHIT1 s-a corelat pozitiv cu scorul z IMC-varsta
(coeficient Spearman, p=0,376, p=0,002,) si raportul circumferinta abdominalad/solduri
(coeficient Spearman, p=0,273, p=0,037), respectiv nivelul fibrinogenului seric s-a
asociat pozitiv cu circumferinta abdominald/solduri (coeficient Spearman, p=0,61,
p=0,03).

Distributia alelicd a dup24 si, respectiv G102S, nu a fost diferita intre subgrupurile
studiate (test exact al lui Fisher pentru echilibrul Hardy-Weinberg, p=0,35, respectiv
p=0,06). Pacientii heterozigoti pentru dup24 au prezentat o activitate plasmatica a
CHIT1 semnificativ mai scazutd decat pacientii homozigoti sanatosi (test Mann Whitney,
p=0,02). Nu a existat o asociere intre genotipul variantei G102S si activitate plasmatica
a CHIT1 (test Kruskal-Wallis, p=0,24).

Scorul z IMC-varsta si genotipul dup24 si G102 sunt predictori semnificativi ai
variabilitatii plasmatice a chitotriozidazei-1 in modelul de regresie multivariatd care a
evaluat si influenta sexului, varstei si duratei de la debutul excesului ponderal.

Concluzii: Activitatea plasmatica a chitotriozidazei-1 creste cu gradul de adipozitate cu
distributie generalizatd (scor z IMC-varstd) si abdominald (raport circumferinta
abdominala/ solduri) la copil. Accentuarea excesului ponderal, exprimat prin scorul z
IMC-varstd, prezice o crestere a nivelului circulant al chitotriozidazei-1 la copil. Aceste
rezultate sugereaza ca inflamatia de grad scazut este prezentd la copiii cu exces
ponderal inainte de instalarea sindromului metabolic. Considerdnd importanta
adipozitdtii abdominale in cresterea riscului cardiometabolic, asocierea nivelului
plasmatic al chitotriozidazei-1 cu raportul circumferintd abdominala/solduri, sustine
rolul procesului inflamator de la nivelul tesutului adipos visceral In medierea
complicatiilor metabolice ale supraponderei sau obezitatii la copil.

Analiza a doua variante comune ale genei CHIT1, dup24 si G102S, sugereaza ca prezenta
alelei dup24, respectiv a alelelor T mutante a G102S, determina o scadere a activitatii
enzimatice a CHIT1 atunci cind se utilizeaza 4-metillumbeliferil-chitotriozida ca
substrat al reactiei. Cu toate acestea, gradul de adipozitate reprezinta principalul
predictor asupra activitatii enzimatice a CHIT1. Prin urmare, activitatea plasmatica a
chitotriozidazei-1 poate fi un indicator sensibil al activitatii macrofagelor cu rol pro-
inflamator de la nivelul tesutului adipos.
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Studiul 4. Analiza longitudinala a activitatii plasmatice a chitotriozidazei-1 la
copiii cu suprapondere sau obezitate

Scop: evaluarea in dinamicd a relatiei dintre gradul inflamatiei si modificarile
metabolice si hormonale la copiii cu suprapondere sau obezitate.

Obiective: i). evaluarea evolutiei in timp a nivelului plasmatic al chitotriozidazei-1 in
relatie cu modificarea indexului HOMA-IR si a raportului trigliceride/HDLc (c-
colesterol), ca indicatori ai rezistentei la insulind si dislipidemiei, la copiii cu
suprapondere sau obezitate; ii). testarea acestei asocieri in relatie cu progresia
indicatorilor adipozitatii si a stadiului pubertar.

Pacienti si metode: Am realizat o analizd longitudinala prospectiva asupra unui
subgrup de pacienti din studiul 3 cu suprapondere sau obezitate si care au fost re-
evaluati in perioada octombrie 2019 - iulie 2020 in Serviciul Ambulatoriu de
Endocrinologie al Spitalului Clinic de Boli Infectioase, Cluj-Napoca. Fiecare pacient a
primit de la medicul curant endocrinolog recomandari referitoare la alimentatie si
activitate fizica. Indicatorii clinici ai adipozitatii evaluati au fost: scorul z IMC-varst3,
circumferinta abdominald, raportul circumferintda abdominald/solduri si raportul
circumferinta abdominald/talie. Dezvoltarea pubertara s-a obiectivat prin stadializarea
Tanner (I-V). S-au masurat in dinamica activitatea plasmatica a chitotriozidazei-1,
precum si indicatorii riscului de insulino-rezistenta: indicele HOMA-IR si raportul
TG/HDLc.

Rezultate: Doudzeci si noua de pacienti pediatrici (16 fete), prezentand exces ponderal,
cu mediana varstei de 11,42 ani (IQR, 8,83-13,33) la intrarea in studiu, au fost inclusi in
analiza. Valoarea medianad a perioadei de urmarire a fost de 7 luni (IQR, 5-8,5). Stadiul
pubertar nu a progresat semnificativ intre cele doua evaludri (48,3% pacienti in stadiul
pre-pubertar, respectiv 51,72% In stadiul pubertar la evaluarea initiald) (test McNemar,
p=0,26).

La includerea in studiu, circumferinta abdominald s-a asociat cu indicatorii HOMA-IR si
raportul TG/HDLc (coeficient Spearman, p=0,49, p=0,01, respectiv p=0,41, p=0,03).
Reducerea gradului de adipozitate generalizatda (scorul z IMC-varsta), respectiv
abdominala (circumferinta abdominald, raportul circumferintd abdominald/solduri si
raportul circumferintda abdominald/talie) nu a fost semnificativa intre cele doua
evaludri (test Wilcoxon, p>0,05). Activitatea plasmatica a chitotriozidazei-1 a scazut
semnificativ, de la o valoare mediana de 100 (IQR, 70-130) nmol/mL/h la 80 (IQR, 40-
105) nmol/mL/h la a doua evaluare (test Wilcoxon, p=0,02). in paralel, raportul
TG/HDLc s-a redus semnificativ la re-evaluare, de la o valoare mediana de 2,16 (IQR,
1,44-3,62),1a 0,54 (IQR, 0,45-0.81) (test Wilcoxon, p<0,001).

Concluzii: Diminuarea nivelului inflamatiei de grad scazut la copiii cu exces ponderal
fara sindrom metabolic, exprimat prin activitatea plasmatica a chitotriozidazei-1, are
loc concomitent cu scaderea riscului de rezistentd la insulind si a dislipidemiei,
exprimate prin raportul trigliceride/HDL-colesterol. Activitatea plasmatica a
chitotriozidazei-1 reprezintd un potential indicator al riscului metabolic mai sensibil
decat indicatorii clinici ai excesului ponderal cu distributie generalizata sau abdominala.
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Concluzii generale

Analiza longitudinala relevd modificari semnificative ale insulinemiei si glicemiei
matinale la copiii cu suprapondere si obezitate care nu prezinta complicatii; 30%
dintre acestia au prezentat valori crescute ale insulinemiei.

Cresterea insulinemiei s-a asociat in special cu gradul de adipozitate abdominalg,
exprimatad prin circumferinta abdominala.

Raportul neutrofile/limfocite, raportul trombocite/limfocite si, respectiv, indicele
imuno-inflamator sistemic nu s-au asociat cu modificari ale excesului ponderal la
copiii cu suprapondere sau obezitate.

Numadrul absolut al limfocitelor a crescut semnificativ de la categoria de
suprapondere la obezitate si obezitate severa.

Scaderea fractiunii HDL-colesterolului si cresterea trigliceridelor plasmatice
reprezinta primele modificari din cadrul dislipidemiei la copiii cu suprapondere sau
obezitate.

Exista o tendinta a cresterii concentratiei plasmatice a hormonului tireo-stimulant
(TSH) odata cu gradul de exces ponderal (obezitate severa vs. suprapondere) la
copii, ceea ce sugereaza debutul hiper-tireotropinemiei izolate non-autoimune.
Scorul z IMC-varsta reprezinta un predictor pentru cresterea activitatii plasmatice a
chitotriozidazei-1 independent de genotipul dup24 si G102S de la nivelul genei
CHIT1, de sex si varsta, si, respectiv, de durata de timp de la debutul excesului
ponderal.

Activitatea plasmaticd a chitotriozidazei-1 si nivelul plasmatic al fibrinogenului se
asociaza cu raportul circumferinta abdominald/circumferinta solduri, in timp ce
proteina C-reactiva, feritina, numarul absolut al leucocitelor si viteza de
sedimentare a hematiilor nu s-au modificat cu gradul de obezitate.

Procentul tesutului adipos, respectiv al tesutului non-adipos evaluate prin
bioimpedanta electrica nu s-au asociat cu gradul de adipozitate, respectiv cu
markerii inflamatori la copii.

Statusul heterozigot pentru dup24 al genei CHIT1 s-a asociat cu o scddere
semnificativa a activitatii plasmatice a chitotriozidazei-1, cand se utilizeaza 4-
metillumbeliferil-chitotriozida ca substrat al reactiei.

21,13% dintre pacienti au fost heterozigoti pentru dup24 din gena CHIT1 si 4,23%
homozigoti, in timp ce 57,75% dintre copii au fost heterozigoti si 12,68% au fost
homozigoti pentru alela T a polimorfismului G102S din gena CHIT1.

Raportul trigliceride/HDL-colesterol este un indicator al dislipidemiei si rezistentei
la insulina si se asociaza cu supraponderea si obezitatea la copil.

O scadere in dinamica a activitatii plasmatice a chitotriozidazei-1 se asociaza cu o
imbunatatire a sensibilitdtii la insulind, exprimatda prin reducerea raportului
trigliceride/HDL-colesterol, la copiii cu obezitate.

Originalitatea si contributiile inovative ale tezei

Statusul inflamator in supraponderea sau obezitatea infantild este asociat cu

aparitia scdderii sensibilitatii la insulina si dislipidemiei, modificari metabolice precoce
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care preced sindromul metabolic. Cercetarea de fatd sugereaza ca activitatea plasmatica
a chitotriozidazei-1 reprezinta un indicator al acestor modificari la copii.

Primul studiu din cadrul cercetdrii noastre reprezintd prima analiza
longitudinala a indicatorilor clinici, metabolici si hormonali recomandati de protocolul
national pentru diagnosticul, tratamentul si screening-ul complicatiilor obezitatii la
copiii din Romania. Principalele modificari in dinamica identificate au fost cresterea
insulinemiei si anomaliile metabolismului lipidic. Am evidentiat astfel nevoia utilizarii
unor indicatori ai inflamatiei mai sensibili decat proteina C-reactiva si numarul absolut
al leucocitelor. De asemenea, evaluarea indicilor bazati pe numarul absolut al
leucocitelor, limfocitelor si neutrofilelor, precum si a trombocitelor, reprezinta prima
analizd a acestor potentiali indicatori ai inflamatiei la copiii cu exces ponderal.
Importanta clinicdi a celui de-al doilea studiu rezida si in accesibilitatea
hemoleucogramei ca examinare de rutina.

In cadrul cercetirilor doctorale am raportat pentru prima dati asocierea dintre
activitatea plasmatica a chitotriozidazei-1 si gradul de adipozitate la copii. Printr-un
model de regresie multivariata, am confirmat capacitatea predictiva a nivelului de
adipozitate asupra variabilitatii activitatii plasmatice a chitotriozidazei-1, In contextul
ajustdrii genotipului a doua variante comune ale genei CHIT1, a sexului, varstei si a
duratei de timp de la debutul excesului ponderal. Utilizarea indicatorilor clinici pentru
diferentierea adipozitatii cu distributie generalizatd de cea abdominala reprezinta un alt
element de originalitate. Astfel, am identificat o relatie intre activitatea plasmatica a
chitotriozidazei-1 si nivelul de adipozitate abdominald. De asemenea, am realizat prima
evaluare in dinamica a nivelului circulant al chitotriozidazei-1, identificAind o asociere
intre statusul inflamator si progresia anomaliilor lipidice si a rezistentei la insulind la
copiii cu suprapondere si obezitate.

Rezultatele acestei cercetari sustin importanta indicatorilor care sa reflecte
inflamatia mediata de macrofagele de la nivelul tesutului adipos. Studii ulterioare sunt
necesare pentru validarea activitdtii plasmatice a chitotriozidazei-1 in relatie cu
activitatea locala a moleculelor pro-inflamatorii eliberate de catre macrofagele din
tesutul adipos.
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INTRODUCTION

The prevalence of obesity in the pediatric population has increased globally from
2.9% to 6.8% in the last two decades, contributing to the faster progression to a severe
stage of obesity in this age group. In Romania, 28.3% of children are overweight
according to World Health Organization criteria. Childhood overweight and obesity are
associated with cardiometabolic risk factors, such as dyslipidemia, insulin resistance,
arterial hypertension and disorders of carbohydrate metabolism, which contribute to
an increased cardiovascular morbidity in young adults.

The study of inflammatory indicators in overweight or obese children has
important clinical relevance because the inflammatory mechanisms mediate the
relationship between excess weight, especially the visceral adiposity, and the obesity
complications. The accumulation of lipids and the release of cytokines by pro-
inflammatory macrophages in the adipose tissue contribute to a decrease of sensitivity
to the action of insulin, metabolic syndrome and type 2 diabetes. The identification of
indicators for low-grade inflammation in the early stages of obesity might contribute
to the assessment and prevention of obesity complications in the pediatric population.
Among the indicators of inflammation most commonly used in clinical practice are C-
reactive protein and the absolute number of leukocytes and their subpopulations,
namely neutrophils and lymphocytes. Neutrophil recruitment, macrophage infiltration
and lymphocyte activation are early processes of adipose tissue inflammation.
Likewise, a high level of adiposity is associated with leptin secretion, which has a
myelo-proliferative action. Therefore, the study of these cell types has clinical
importance in expressing the degree of inflammation associated with bodyweight
excess.

The expression of chitotriosidase-1, the main representative of the chitinases
family in humans, reflects the pro-inflammatory activity of macrophages. Pediatric
patients with glucose intolerance or adults with atherosclerosis, type 2 diabetes and
non-alcoholic fatty liver disease have elevated circulating chitotriosidase-1 activity.
When measured with the classic method, using 4-methylumbelliferyl chitotrioside as a
substrate, the level of enzyme activity is influenced by the genotype of some variants of
the CHIT1 gene. The most common are the duplication of 24 base pairs in exon 10 and
the guanine to adenine replacement in exon 4 of the CHIT1 gene.

Changes suggestive of subclinical hypothyroidism, such as an isolated increase in
the concentration of thyroid-stimulating hormone (TSH), are more common in obese
pediatric patients compared to normal-weight patients. Among the inflammatory
processes, the effect of cytokines on thyroid cells, the induction of thyroid autoimmune
changes by T lymphocytes, and the inhibition of the thyroid-stimulating hormone
action by leptin, may influence the thyroid disturbances.
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PERSONAL CONTRIBUTIONS

The present research aimed to identify indicators of the inflammatory status in
children with overweight or obesity and their association with the changes which
preceed the metabolic syndrome, such as dyslipidemia and insulin resistance.

Study 1. A Romanian single-center pilot study: longitudinal analysis of the
metabolic and hormonal outcomes according to weight variation in children

Purpose: to evaluate the relationship between the progression of adiposity and the
evolution of the hormonal, metabolic and inflammatory profile in children with
overweight or obesity.

Objectives: i). evaluation of the dynamic relationship between BMI-for-age z score and
abdominal circumference with the laboratory changes recommended by the national
guideline for the screening of complications in children with overweight or obesity; ii).
assessment of the dynamic relationship between BMI-for-age z score and abdominal
circumference with indicators of low-grade inflammation in overweight or obese
children.

Patients and methods: A retrospective longitudinal analysis of the medical data
concerning pediatric patients evaluated between January 2017 and March 2019 in the
Pediatric Clinic 1, Children's Emergency Clinical Hospital in Cluj-Napoca, was
conducted. The changes of clinical and biochemical parameters recommended by the
2011 national guideline for diagnosis and treatment of childhood obesity in patients
aged 2-17 years with overweight or obesity were evaluated. We included clinical
indicators (BMI-for-age z score, waist circumference, systolic and diastolic blood
pressure), inflammatory indicators (absolute number of leukocytes and neutrophils, C-
reactive protein), metabolic profile (transaminases, uric acid, morning blood glucose,
triglyceride concentration, high-density lipoprotein (HDL) fraction of cholesterol, basal
insulinemia and cortisolemia.

Results: Twenty-two pediatric patients (77.3% girls) with a median age of 13 years
(IQR, 7.25 - 15) were followed for a median period of 7.5 months (IQR, 6.25 - 9.75). At
the baseline evaluation, 18 patients were obese (BMI-for-age z score =2), of which 10
were severely obese, and 4 patients were overweight (BMI-for-age zscore =1). The
increase in the generalized (BMI-for-age z score) and abdominal adiposity (waist
circumference) was not significant. However, we observed a significant increase in
basal insulinemia from 14.9 uplU/ml (10.6-25.4) to 20.5 plU/ml (11.4-33.5),
accompanied by a decrease significant increase in morning glycaemia. At the baseline,
9% of the children presented with hyperinsulinism, and 30% developed
hyperinsulinism over time, in conditions of euglycaemic values.
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The BMI-for-age z score was significantly correlated with the C-reactive protein level
(Spearman coefficient, p=0.70, p=0.03) at the baseline, and with the HDL-cholesterol
level at the follow-up (Spearman coefficient, p=-0.52, p=0.032).

Conclusion: The present study is the first analysis of the evolution of clinical and
laboratory parameters recommended by the national guideline for the screening of
complications in children with overweight from Romania. The main changes were a
progression of the risk of insulin resistance (basal insulinemia), dyslipidemia (HDL
cholesterol level), and of low-grade inflammation (C-reactive protein level). W showed
that these factors, which are associated with increased cardiometabolic risk, might
evolve independently of the accumulation of adipose tissue in overweight or obese
children without metabolic syndrome.

Study 2. The effect of the weight status over the inflammatory markers and
thyroid function in pediatric patients with overweight and obesity

Objectives: i). evaluation of the relationship between the degree of bodyweight excess
and indices derived from leukocyte and platelet cell subpopulations (neutrophils-to-
lymphocytes ratio, systemic immune-inflammatory index, platelets-to-lymphocytes
ratio); ii). evaluation of the relationship between the degree of overweight and thyroid
function indicators

Patients and methods: A cross-sectional study was conducted with retrospective
collection of medical data from January 2017 to January 2019. Patients with a diagnosis
of overweight or obesity (International Classification of Diseases, E66.0 or E66.9) were
included, aged between between 2-18 years evaluated in the outpatient Endocrinology
Service of the Clinical Hospital for Infectious Diseases and the Pediatric Clinic 1 of the
Emergency Clinical Hospital for Children, Cluj-Napoca. The degree of overweight was
defined according to the World Health Organization (BMI-age z score) (21 for
overweight, 22 for obesity, =3 for severe obesity). The evaluated inflammatory
indicators were: absolute number of leukocytes (LEU), neutrophils (NEU), lymphocytes
(LIM), platelets (TR), C-reactive protein. We calculated: the neutrophils-to-lymphocytes
ratio (NLR-the ratio between the absolute number of neutrophils and lymphocytes), the
platelets-to-lymphocytes ratio (PLR-the ratio between the absolute number of platelets
and that of lymphocytes), the systemic immune-inflammatory index (SII-the ratio
between the product of neutrophils and lymphocytes and platelets). Thyroid function
parameters were thyroid-stimulating hormone (TSH) and free thyroxine fraction (fT4).

Results: Forty-four overweight patients with an average age of 12.78+2.5 years, 57
obese patients with an average age of 11.58+3.13 years, and 41 patients with severe
obesity and an average age of 8.98 +3.7 were included in the study. Patients with severe
obesity were significantly younger than patients with overweight and obesity (ANOVA
test, p<0.001). There was no significant difference in the distribution of the sex variable
across the groups (Fisher test, p=0.468).
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The absolute number of leukocytes was significantly higher in patients with severe
obesity than in those with overweight and obesity (Mann Whitney test, p=0.03 and
p=0.04, respectively) and was not associated with age (Spearman coefficient, p=0.13,
p=0.07) or with gender (Kruskal-Wallis test, p=0.81). Regarding the leukocyte
subpopulations, the absolute number of neutrophils and lymphocytes was significantly
higher in adolescents with severe obesity than in those with overweight (Mann
Whitney test, p=0.005, and Levene test, p=0.02). There were no significant differences
in the NLR, PLR, and SII values between the overweight, obesity, and severe obesity
groups.

An increase in the TSH value was observed from the overweight to the obese and
severely obese group with a tendency to significance (ANOVA test, p=0.07). Ten
patients (8.19%) had an isolated TSH increase, and four (3.36%) had an elevated TSH
and low fT4. There was no significant correlation between inflammatory indicators
and thyroid function parameters.

Conclusion: The increase of the absolute number of leukocytes and leukocyte
subpopulations, neutrophils and lymphocytes, with the degree of adiposity in children
suggests the initiation of low-grade inflammatory processes. Recent studies support
the involvement of leptin in myeloid lineage proliferation, as well as the role of these
cells in mediating inflammation in adipose tissue. These results have clinical relevance,
being easily accessible in medical practice. A trend toward subclinical hypothyroidism
in overweight children suggests early changes in thyroid function in this category,
possibly mediated by low-grade inflammation.

Study 3. Increased Circulating Chitotriosidase Activity Is Associated with
Childhood Obesity: The Role of Two Common Variants of the CHIT1 Gene

Purpose: evaluation of plasma chitotriosidase-1 activity as an indicator of low-grade
inflammation in overweight or obese children

Objectives: i). evaluation of the association of chitotriosidase-1 plasma activity and
inflammatory indicators used in clinical practice with the level of adiposity in children;
ii). evaluation of the relationship between the plasma activity of chitotriosidase-1 and
the dup24 and G102S genotypes of the CHIT1 gene in children with different degrees of
bodyweight excess; iii. evaluation of the role of BMI-for-age z score, dup24, G102S
variants, respectively age and gender in predicting the variability of plasma activity of
chitotriosidase-1.

Patients and methods: A cross-sectional study was conducted with consecutive data
collection which included pediatric patients evaluated between September 2019 and
July 2020 in the outpatient Endocrinology Service of the Clinical Hospital for Infectious
Diseases, Pediatric Clinic 1 and the Department of Medical Genetics of the Clinical
Hospital of Emergency for Children Cluj-Napoca. Patients aged 5-18 years who were
overweight or obese according to the OSM criteria for the pediatric population were
included. The control group included healthy patients with normal weight (<1 BMI-for-
age z score). The level of adiposity was assessed by BMI-for-age z score according to
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OSM criteria, waist circumference, waist circumference/hip ratio, and as by the
adipose and non-adipose tissue percentage measured by electrical bio-impedance.

The plasma activity of chitotriosidase-1 (CHIT1) was measured by the fluorometric
method using 4-methyllumbelliferyl-chitotrioside as the reaction substrate and being
expressed in nanomoles of substrate hydrolyzed per milliliter per hour. The following
inflammatory indicators were also evaluated: fibrinogen (FBG), C-reactive protein
(CRP), ferritin (FER), total leukocyte count (LEU) and erythrocyte sedimentation rate
(ESR). Genetic analysis of the CHITI gene included polymerase chain reaction (PCR),
separation of amplified fragments in agarose gel, and confirmation by Sanger
sequencing of the 24 base pair duplication in exon 10 (dup24), respectively real time-
PCR allelic discrimination analysis for the G102S polymorphism.

Results: Thirty-two boys with an average age of 11.93+3.18 years and 32 girls with an
average age of 12.44+3.59 years formed the bodyweight subgroups: 10 overweight
patients, 33 obese patients and 21 severely obese patients. Patients in the control
group (3 girls and 4 boys) had a median age of 13.15 years (IQR, 10.54-16.86). The
overweight degree was not influenced by sex (Fisher test, p=0.06), but the rate of
severe obesity was significantly higher in younger patients compared to obese patients
(Mann Whitney test, p<0.01).

Plasma activity of chitotriosidase-1 was significantly higher in obese and severely
obese patients compared to normal weight patients (Mann Whitney test, p=0.02).
Regarding the association between inflammatory indicators and adiposity level, CHIT1
plasma activity was positively correlated with BMI-for-age zscore (Spearman
coefficient, p=0.376, p=0.002) and waist circumference/hip ratio (Spearman
coefficient, p=0.273, p=0.037). The serum level of fibrinogen was positively associated
with abdominal/hip circumference (Spearman coefficient, p=0.61, p=0.03).

The allelic distribution of dup24 and G102S were not different between the weight
subgroups (Fisher's exact test for Hardy-Weinberg equilibrium, p=0.35 and p=0.06).
Patients heterozygous for dup24 showed significantly lower plasma CHIT1 activity
than healthy homozygous patients (Mann Whitney test, p=0.02). There was no
association between the G102S variant genotype and CHIT1 plasma activity (Kruskal-
Wallis test, p=0.24). BMI-for-age z score and dup24 and G102 genotype are significant
predictors of plasma chitotriosidase-1 variability in the multivariate regression model
which also assessed the influence of sex, age and duration since the onset of
overweight.

Conclusion: Plasma activity of chitotriosidase-1 increases with the degree of adiposity
with generalized (BMI-for-age z score) and abdominal (waist circumference/ hip ratio)
distribution in children. Overweight progression, expressed by BMI-for-age z score,
predicts an increase in the circulating level of chitotriosidase-1 in children. These
results suggest that low-grade inflammation is present in overweight children before
the onset of metabolic syndrome. Considering the importance of abdominal adiposity
in increasing cardiometabolic risk, the association of chitotriosidase-1 plasma level
with the waist circumference/hip ratio supports the role of the inflammatory process
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at the level of visceral adipose tissue in mediating the metabolic complications of
overweight or obesity in children.

The two common variants in CHIT1 gene analysis, dup24 and G102S, suggests that the
presence of the dup24 allele and the mutant T alleles of G102S cause a decrease in the
enzymatic activity of CHIT1 when 4-methyllumbelliferyl chitotrioside is used as the
reaction substrate. However, the degree of adiposity is the main predictor of CHIT1
enzyme activity. Therefore, the plasmatic activity of chitotriosidase-1 can be a
sensitive indicator of the activity of macrophages with a proinflammatory role in
adipose tissue.

Study 4. Longitudinal analysis of the CHIT1 plasma activity in pre-pubertal and
pubertal pediatric patients with obesity

Aim: assessment of the relationship between the inflammation degree progression and
metabolic and hormonal changes in overweight or obese children.

Objectives: i). evaluation of the change of plasma level of chitotriosidase-1 in relation
with the change in the HOMA-IR index and the triglyceride/HDLc (c cholesterol) ratio,
as indicators of insulin resistance and dyslipidemia, in overweight or obese children;
ii). description of this association in relation to the progression of adiposity indicators
and pubertal stage.

Patients and methods: We performed a prospective longitudinal analysis on a
subgroup of patients from study 3 with overweight or obesity and who were re-
evaluated between October 2019 and July 2020 in the outpatient Endocrinology
Service of the Clinical Hospital for Infectious Diseases, Cluj-Napoca. Each patient
received recommendations regarding nutrition and physical activity from the
endocrinologist. We assessed the clinical indicators of adiposity: BMI-for-age z score,
abdominal circumference, abdominal circumference/hip ratio and abdominal
circumference/waist ratio. Pubertal development was measured by Tanner staging
(IV). The plasma activity of chitotriosidase-1 and the indicators of insulin resistance:
the HOMA-IR index and the TG/HDLc ratio, were dynamically measured.

Results: Twenty-nine overweight pediatric patients (16 girls) with a median age of
11.42 years (IQR, 8.83-13.33) at study baseline were included in the analysis. Median
follow-up was 7 months (IQR, 5-8.5). The pubertal stage did not progress significantly
between the two evaluations (48.3% patients in the pre-pubertal stage, respectively
51.72% in the pubertal stage at the initial evaluation) (McNemar test, p=0.26).

At the baseline, waist circumference was associated with HOMA-IR indicators and
TG/HDLc ratio (Spearman coefficient, p=0.49, p=0.01, and p= 0.41, p=0.03). The
reduction in the degree of generalized adiposity (BMI-for-age z score), and in
abdominal adiposity (waist circumference, wait circumference/hip ratio and waist
circumference/height ratio) was not significant between the two evaluations
(Wilcoxon test, p>0.05). Plasma chitotriosidase-1 activity decreased significantly, from
a median value of 100 nmol/mL/h (IQR, 70-130) to 80 nmol/mL/h (IQR, 40-105) at
the follow-up (Wilcoxon test , p=0.02). Simultaneously, the TG/HDLc ratio was
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significantly reduced at follow-up, from a median value of 2.16 (IQR, 1.44-3.62), to 0.54
(IQR, 0.45-0.81) ( Wilcoxon test, p<0.001).

Conclusion: The decrease of low-grade inflammation level in overweight children
without metabolic syndrome, expressed by the plasma activity of chitotriosidase-1,
occurs simultaneously with the decrease in the risk of insulin resistance and
dyslipidemia, expressed by the triglyceride/HDL-cholesterol ratio. Plasma activity of
chitotriosidase-1 represents a potential more sensitive indicator of metabolic risk than
clinical indicators of the bodyweight excess with generalized or abdominal
distribution.

General Conclusions

1. Longitudinal analysis revealed significant changes of the fasting insulin and glucose
level in overweight and obese children without obesity-related complications. In
30% of overweight children, an elevated insulinemia was found.

2. The rise of the fasting insulin level was particularly associated with the abdominal
adiposity as expressed by the waist circumference.

3. Neutrophils-to-lymphocytes ratio, platelets-to-lymphocytes ratio, and the systemic
immune-inflammation index were not associated with body weight changes in
overweight and obese children.

4. The differential peripheral white blood cells, namely lymphocytes absolute counts,
increased significantly from overweight to obese and extremely obese pediatric
patients.

5. The earliest signs of dyslipidemia in overweight and obese children are a HDL-
cholesterol decrease and an increased plasma triglycerides level.

6. Thyroid-stimulating hormone concentration tended to increase from overweight to
extremely obese children, suggesting an onset of the isolated non-autoimmune
hyperthyrotropinemia in these patients.

7. BMI-for-age z score significantly predicted an increase in the plasma chitotriosidase
activity independently of the 24-base pair duplication in exon 10 and the G102S
polymorphism of the CHIT1 gene, age, sex, and time since weight gain.

8. Plasma chitotriosidase activity and fibrinogen levels were associated with the
waist-to-hip ratio in pediatric patients, while human C-reactive protein, ferritin,
white blood cells levels, and erythrocyte sedimentation rate did not increase with
the obesity degree.

9. Bioelectrical impedance parameters, the adipose tissue and the free fat mass
percentages, did not change with obesity degree or the inflammatory markers in
children.

10.Heterozygosity for the dup24 of the CHIT1 gene was associated with a significant
decrease in the enzymatic activity when using 4-methylumbelliferyl-chitotrioside
as a substrate.

11. 21.13% of the patients were heterozygous for the 24-base pair duplication in
CHIT1 gene and 4.23% homozygous, while 57.75% of children were heterozygous
and 12.68% were homozygous for the T allele of the G102S polymorphism in CHIT1
gene.
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12. Triglycerides-to-high-density lipoprotein cholesterol ratio is an indicator of
dyslipidemia and insulin resistance and is associated with childhood overweight
and obesity.

13. A decrease of the circulating CHIT1 activity at follow-up is associated with an
improvement in the insulin resistance, as reflected by the reduction in the
triglycerides-to-high-density lipoprotein cholesterol ratio, in children with obesity.

Originality and innovative contribution to the field of
our research

Inflammatory status in childhood overweight or obesity is associated with the
onset of decreased insulin sensitivity and dyslipidemia, early metabolic changes that
precede the metabolic syndrome. The present research suggests that plasma
chitotriosidase-1 activity is an indicator of these changes in children.

The first study of our research represents the first longitudinal analysis of the
clinical, metabolic and hormonal indicators recommended by the national protocol for
the diagnosis, treatment and screening of obesity complications in children from
Romania. The main changes identified were an increase in insulinemia and lipid
metabolism abnormalities. We thus highlighted the need to use more sensitive
indicators of inflammation than C-reactive protein and the absolute number of
leukocytes. Also, the evaluation of indices based on absolute counts of leukocytes,
lymphocytes, and neutrophils, as well as platelets, represents the first analysis of these
potential indicators of inflammation in overweight children. The clinical importance of
the second study also lies in the accessibility of the blood count as a routine examination.

During the doctoral research, we reported for the first time the association between
the plasma activity of chitotriosidase-1 and the degree of adiposity in children. By using
a multivariate regression model, we confirmed the predictive capacity of the adiposity
level on the variability of plasma activity of chitotriosidase-1, while adjusting for the
genotype of two common variants of the CHIT1 gene, sex, age and time since the onset of
bodyweight excess. The use of clinical indicators to differentiate adiposity with
generalized distribution from abdominal adiposity represents another element of
originality. Thus, we identified a relationship between the plasma activity of
chitotriosidase-1 and the level of abdominal adiposity. We also performed the first
evaluation of the changes in circulating level of chitotriosidase-1, identifying an
association between the inflammatory status and the progression of lipid abnormalities
and insulin resistance in overweight and obese children. The results of this research
support the importance of indicators that reflect macrophage-mediated inflammation in
adipose tissue. Further studies are required to validate the plasma activity of
chitotriosidase-1 in relation to the local activity of proinflammatory molecules released
by macrophages in adipose tissue.



