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Rezumat

Stadiul actual al cunoasterii si fundamentul cercetarii doctorale

Insulionorezistenta (IR) este un concept integrativ ce se referd la modificarea raspunsului
la insulind al tesuturilor dependente de actiunea acesteia. Ea se caracterizeaza prin o scadere a
capacitatii tesutului adipos, muscular si hepatic de a prelua glucoza in conditiile unui nivel
normal al insulinei, atat 1n status anabolizant (obezitate, hipotiroidism), cat si in status
catabolizant (boli consumptive, hipertiroidism). Cel mai frecvent, IR este o consecintd a
modificarii tesutului adipos in obezitate, dar ea este influentata si de prezenta altor patologii
precum sindromul de ovare polichistice sau disfunctia tiroidiana. IR reprezinta un domeniu de
cercetare intens valorificat si de actualitate avand in vedere frecventa crescutd a obezitatii,
prediabetului si patologiei tiroidiene in populatia caucaziana. Inter-relatia dintre IR si
hipotiroidism este un subiect de dezbatere.

Dintre bolile tiroidiene, prevalenta gusei simple si nodulare a crescut cu 30%, cea a
tiroiditei autoimune cu 71%, iar a hipotiroidismului cu 58% in decurs de 6 ani. Hipotiroidismul
cauzat de carenta de iod este mai frecvent in randul femeilor (86% din populatia afectata).
Aceastd crestere a prevalentei patologiei tiroidiene se suprapune peste cresterea prevalentei
prediabetului — cu o valoare de 16,5% la ultimul studiu epidemiologic din Roménia. Frecventa
maxima este n randul femeilor in grupa de varsta 60-79 ani. Cele doud populatii au factori de
risc comuni-obezitatea, in special cea abdominala si dislipidemia. Astfel, cele doua patologii se
pot asocia frecvent, mai ales in randul pacientilor de gen feminin.

Mecanismele prin care statusul tiroidian influenteaza greutatea si cele prin care IR
afecteazi morfologia si functia glandei tiroidine nu sunt cunoscute exact. In literatura de
specialiate exista argumente pro si contra referitor la faptul c@ hipotiroidismul se asociaza cu
insulinorezistenta si prediabet. A fost observata o crestere a prevalentei sindromului metabolic la
valori ale tirotropinei (TSH) la limita superioara a normalului. Prima ipoteza incriminata este
aceea cd obezitatea secundara scaderii ratei metabolice bazale din hipotiroidism va determina
cresterea insulinemiei si a formei libere a insulin growth factor 1 (IGF-1). Acesti doi hormoni
fiind factori de crestere celulara vor determina proliferarea celulelor tiroidiene si cresterea

vascularizatiei locale. Astfel, va fi afectata sinteza glandulara si cresterea rezistentei la hormonii



tiroidieni. Un studiu observational in care valori mai mari ale indicilor de rezistenta la hormonii
tiroidieni s-au asociat cu sindrom metabolic si diabet vine sa sustina aceasta ipoteza.

A doua ipoteza sustine ca IR se asociazd cu modificarea productiei de citokine,
chemokine si alti disrumptori endocrini. O serie de adipokine au fost studiate, dintre care leptina
ar putea explica partial aceasta relatie. Chemokinele au fost studiate separat pentru pacientii cu
prediabet, respectiv patologie tiroidiand. Din recenzia literaturii am gasit studii observationale
legate de subiectul tezei de doctorat pentru: TNF-a (Tumor Necrosis Factor-a), MCP-1
(Monocyte Chemoattractant Protein-1), interleukina-6, interleukina-8 (IL-8), interleukina-1p,
ITAC sau CXCL-11 (Interferon—inducible T Cell Alpha Chemoattractant), IP-10 sau CXCL-10
(interferon-inducible protein 10), fractalkina sau CX3CLL1.

IR se asociazd cu un status proinflamator caracterizat de cresterea IL-1, TNF-o, MCP-1 si
interferonului Y (IFN-Y) care poate duce la activarea autoimunitatii, una din consecinte fiind
disfunctia tiroidiand. In medierea stresului inflamator intervin si alti hormoni precum vitamina D,
ce a fost asociatd cu declansarea tiroiditei autoimune.

Chemokinele care au capacitatea de a influenta migrarea leucocitelor atat in cazul unui
status inflamator, cét si in conditii fiziologice. Comportamentul heterogen al acestora dat de
interactiunea cu mai multi receptori cuplati cu proteinele G, a facut ca intelegerea lor sa fie un
proces lent. De aceea ne-am propus sa analizdm concentratiile chemokinelor la pacientele cu
hipotiroidism subclinic cu sau fara insulinorezistenta asociata.

O alta problemd fundamentala este datd de metodele de determinare pentru aceste
moleculele mici. Tn afara celor clasice de laborator bazate pe reactii imuno-enzimatice, exista si
metode electrochimice. Una dintre ele este cea a senzorilor stochastici. Principiul metodei se
bazeaza pe conductivitatea unor nanocanale (pori) formate la nivelul materialelor precum
grafena sau diamant (care formeaza senzorul propriu-zis impreuna cu alte molecule adaugate),
atunci cand se aplica un potential constant si se inregistreaza curentul de cétre un dispozitiv
special (potentiostat). Parametrii masurati sunt toff si ton Care apar pe diagramele softului conectat
la potentiostat. Valorile tofr sunt specifice fiecarui biomarker, deci corespund unei determinari
calitative. Determinarea cantitativa se face prin masurarea to,. Ne-am propus crearea unui senzor
pentru fractalkina impreuna cu echipa de cercetare a Laboratorului de Tehnologie analitica de
Proces (PATLAB) cu scopul de a imbunatati modalitatea de determinare actuald. Avantajele

acestei metode sunt costurile reduse, posibilitatea de a determina mai multi analiti simultan in



cantitdti foarte mici, utilizarea pentru mai multe probe biologice — sange integral, saliva, urind.

Durata unui test este relativ scurtd, iar probele nu necesita o prelucrare anterioara.

Sinteza capitolelor

Partea generala a tezei de doctorat este formata din doud capitole. Capitolul 1 este
dedicat relatiei dintre hipotiroidism si insulinorezistenta. Am inceput redactarea cu definitia celor
doud concepte, un scurt istoric si cateva date epidemiologice. Am abordat fiziologia si patogenia
hipotiroidismului si importanta sa In practica, inclusiv modalitati de determinare a hormonilor
tiroidieni. Apoi, am realizat o sinteza legatda de patogenia insulinorezistentei si moduri de
apreciere a insulinorezistentei. Subcapitolul 1.10 face legatura intre cele doua subiecte de
cercetare, urmand apoi prezentarea consecintelor hipotiroidismului si importanta studierii
problemei.

Tn Capitolul 2 am abordat citokinele si chemokinele ca factori patogenici si de legitura
intre hipotiroidism si insulinorezistenta. Primul subcapitol defineste chemokinele, apoi este
urmat de clasificarea lor si mecanismul patogenic general. Am ales sa prezint fiecare chemokina
descrisa pana in prezent in literatura de specialitate ca avand un rol in cele doua patologii ca si

subcapitole separate.

Am formulat ipotezele de cercetare in Capitolul 3. Tn primul rand, am presupus ci exista
o diferentd in ceea ce priveste insulinorezistenta intre pacientele cu hipotiroidism si cele
eutiroidiene. Pentru a demonstra aceastd ipotezd am realizat trei studii observationale. Ne-am
propus sa caracterizam populatia cu IR si relatia cu ceilalti factori de risc precum 25-
hidroxivitamina D (250HD). Pentru a avea o contributie integrativa in relatia IR-hipotiroidism,
mi-am ales sa analizez diferentele legate de concentratia chemokinelor pentru mai multe grupuri,
cu sau fard hipotiroidism cu ajustarea in functie de alti factori de confuzie precum greutatea sau
statusul autoimun. In al doilea rand, am realizat un studiu experimental pe baza ipotezei ci
senzorul stochastic dezvoltat are sensibilitate si limite de detectie bune pentru fractaklina Tn

comparatie cu metoda standard bazatd pe imunofluorescenta.

Ca obiective ale cercetarii, mi-am propus sa analizez daca prezenta hipotiroidismului se

asociaza cu o crestere a IR; sd determin prevalenta hipotiroidismului si a insulinorezistentei in



populatia din Romania; s investighez alti factori implicati in IR - vitamina D; sa descriu relatia
dintre o serie de chemokine si adipokine la pacientele cu hipotiroidism; sd colaborez cu alte
echipe de cerecetare in vederea dezvoltarii unei noi metode stochastice de determinare a

chemokinelor.

Metodologia de cercetare este prezentata in Capitolul 4. Pacientele incluse in studii s-au
prezentat consecutiv in regim ambulator pentru evaluarea de rutina a obezitatii, prediabetului, a
bolii tiroidiene sau a osteoporozei. Studiile au urmat principiile Declaratiei de la Helsinki.
Fiecare pacienta a semnat consimtamantul informat de participare la studiu si acordul de
prelucrare a datelor cu caracter personal. Am obtinut aprobarea Comisiei de etici a
Departamentului de Diabet al Universitatii de Medicina si Farmacie Carol Davila cu sediul in
Institutul National de Diabet, Nutritie si Boli Metabolice NC Paulescu, Bucuresti, Romania.

Probele de sange au fost analizate de acelasi laborator: fie la scurt timp dupa recoltare
(analize biochimice si hormonale), fie la 6 luni, dupa pastrare la -70 grade (chemokine sanguine).
Am evaluat functia tiroidiand masurand hormonul stimulator tiroidian (TSH) si tiroxina libera
(fT4). IR a fost calculata prin formule standard sau calculatoare pentru evaluarea modelului
homeostatic (HOMA), indicele QUICKI si raportul trigliceride / lipoproteina cu densitate
ridicata. Rezistenta la hormonii tiroidieni a fost calculata prin formule standardizate descrise
anterior. Parametrii clinici inclusi au fost greutatea, talia si indicele de masa corporala (IMC), iar
n cel de-al treilea studiu compozitia corpului a fost evaluata prin bioimpedenta profesionala.

Pentru crearea bazelor de date am folosit patru fisiere Microsoft Office Excel®
(Microsoft Corp, Washington, Statele Unite, 2007). Au fost efectuate analize statistice
inferentiale cu mediul de calcul si programare R v. 4.0.3, sub terminalul local RStudio - v.
1.1.456, precum si SPSS® versiunea 20.

In primul studiu efectuat (Capitolul 5), la analiza pe o perioadi de un an, prezenta
hipotiroidismului 1n antecedente nu a crescut riscul ca pacientele sa aibe insulinorezistenta.
Evolutia catre hipotiroidismului clinic si, respectiv diabet, nu a avut un efect semnificativ asupra
IR.

Desi review-ul general al datelor din literatura tinde sa favorizeze existenta unei relatii

intre hipotiroidism si IR, trebuie mentionat cd@ aceasta ipotezd se bazeaza pe studii



observationale. Avantajul studiului nostru este designul care ne-a permis sa evaluam IR si functia
tiroidiand in diferite perioade de timp. De asemenea, analizarea probelor de catre acelasi
laborator confera o uniformitate a datelor. Susceptibilitatea pentru biasul de reamintire si
partinirea informatiilor este redusa, deoarece am avut acces direct la baza de date a laboratorului.

Am reusit sa ajustam analizele noastre multivariate pentru varsta, profilul lipidic si
tratament, dar una dintre limite este absenta altor teste hormonale de sange (controlul altor
variabile posibile nu poate fi complet controlat ca pentru toate studiile caz-control). Dimensiunea
relativ micd a esantionului ar putea influenta rezultatele, precum si valoarea TSH. Este posibil ca

relatia sa fie evidenta doar la valori ale TSH-ului mai mari.

Tn al doilea studiu (Capitolul 6) nu au existat asociatii semnificative intre 250HD si IR.
Am observat o corelatie slaba pozitiva intre un nivel mai ridicat de 250HD si o crestere a
HbAlc, HOMA-IR2 (peptid C), precum si o scadere a QUICKI. IMC a avut cea mai puternica
asociere cu variabilele de raspuns luate in considerare. Alti factori modificabili sau
nemodificabili depasesc influenta 25OHD asupra IR la femeile adulte cu un nivel seric normal si
pot contribui la restul variabilitatii observate. Suplimentarea este recomandata la pacientii cu
deficit de vitamina D si sunt necesare studii suplimentare pentru a demonstra efectele

pleiotropice in cohortele din viata reald care au frecvent boli endocrine asociate.

Am emis ipoteza ca statusul pro-inflamator indus de obezitate prin hipertrofia adipocitara
si excesul de acizi grasi liberi, asociat sau nu cu hipotiroidism, se traduce prin secretia crescuta
de chemokine. Prin urmare, am realizat un studiu observational (Capitol 7), cross-sectional ce a
inclus pacientele prezentate consecutiv pentru evaluare nutritionald in cadrul unui cabinet de
diabetologie din ambulator. Din analiza corelatiei am obtinut o asociere pozitiva semnificativa
intre toti indicii HOMA-IR si proteina C reactica (PCR), feritina. HOMA-IR derivat din insulind
identifica mai bine cazurile de IR comparativ cu ceilalti indici. La pacientele cu hipotiroidism
subclinic, HOMA-IR 1 si 2 (insulind) s-a corelat pozitiv cu I-TAC. De asemenea, acest grup de

paciente a avut valori mediane mai mari ale IL-8, asemanator grupului cu diabet la debut.

Tncercarea de a modela HOMA-IR1 si 2 (insulind) in functie de chemokine (IL-8, ITAC,

IP-10, leptina), prezenta sau absenta hipotiroidismului subclinic si PCR, luand in considerare



drept covariate varsta, IMC, circumferinta abdominald, hemoglobina glicata si ATPO (Anticorpi
anti-peroxidaza tiroidiand) a identificat o singura chemokina care sa se asocieze in mod
semnificativ statistic cu variabila dependenta (IL-8), insa cu un efect neglijabil, practic
nesemnificativ clinic. Sunt necesare studii care sa includa un numar mai mare de paciente pentru
a demonstra daca IL-8 a fost crescuta Intamplator in populatia noastra, dacd existd un mecanism
comun de crestere in ambele patologii, sau un mecanism independent.

Indicii de sensibilitate/rezistentd la hormonii tiroidieni, TSHI si TT4RI sunt invers
corelati cu rezistina sericd, de aceea rolul posibil al acestei chemokine, alaturi de leptina trebuie
investigat mai departe. Prin urmare, cresterea mai mare a valorilor I-TAC, leptinei si rezistinei de

crestere mai rapida a insulinorezistentei fatd de populatia de femei obeze eutiroidiene.

De asemenea, in cadrul studiilor doctorale am participat la proiectul de cecetare
UEFISCDI, PNCDI IlI, PN-I11-P4-ID-PCE-2016-0120, ce a avut ca obiectiv dezvoltarea
senzorilor stocastici in diagnosticul precoce al prediabetului si diabetului. Ulterior, in cadrul unui
studiu experimental (Capitol 8) am participat la perfectionarea unui senzor stocastic pentru
detectarea fractalkinei la pacientele cu prediabet si obeziate, una din chemokinele folosite in cel
de-al treilea studiu. Am ales acest analit deoarece a avut concentratia mediana cea mai mare in

grupul de pacienti cu prediabet. Senzorul a avut o limitd de detectie buna a acestei chemokine.

Contributii personale (Capitol 9)

In domeniul studiilor epidemiologice pe populatia romana: am descris prevalenta
insulinorezistentei si a patologiilor tiroidiene; am descris relatia dintre functia tiroidiand si
insulinorezistentd (am contribuit cu o publicatie in revistd indexata ISI); am descris relatia dintre

25 hidroxi vitamina D si insulinorezistentd (am contribuit cu o publicatie in revista indexata ISI).

In domeniul studierii biomarkerilor cu rol in insulinorezistentd: am descris pentru prima
datd rolul chemokinelor 1n aparitia insulinorezistentei la pacientele cu patologie tiroidiana; am
contribuit la dezvoltarea unei noi metode de determinare folosind senzori stocastici a fractalkinei

la pacientii cu prediabet, diabet si obezitate (datele urmeaza sa fie publicate).
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Abstract
Background

Insulin resistance (IR) is an integrative concept that refers to the modification of the
insulin response of tissues dependent on its action. It is characterized by a decrease in the ability
of adipose, muscle and liver tissue to take up glucose under normal insulin levels, both in
anabolic status (obesity, hypothyroidism), and in catabolic status (consumptive diseases,
hyperthyroidism). Most often, IR is a consequence of the changes in the adipose tissue in
obesity, but it is also influenced by the presence of other pathologies such as polycystic ovary
syndrome or thyroid dysfunction. IR is an area of intensive research given the increased
frequency of obesity, prediabetes and thyroid disease in the Caucasian population. The
relationship between IR and hypothyroidism is a matter of debate.

Among thyroid diseases, the prevalence of simple and nodular goiter increased by 30%,
that of autoimmune thyroiditis by 71%, and hypothyroidism by 58% within 6 years.
Hypothyroidism caused by iodine deficiency is more common among women (86% of the
affected population). This increase in the prevalence of thyroid pathology overlaps with the
increase in the prevalence of prediabetes - with a value of 16.5% in the last epidemiological
study in Romania. The maximum frequency is among women in the age group 60-79 years. The
two populations have common risk factors - obesity, especially abdominal type, and
dyslipidemia. Thus, the two pathologies can be frequently associated, especially among female
patients.

The mechanisms by which thyroid status influences weight, and those by which IR
affects the morphology and function of the thyroid gland are not known exactly. There are pros
and cons in the literature that hypothyroidism is a risk factor for insulin resistance and
prediabetes. An increase in the prevalence of metabolic syndrome was observed at the upper
limit of the normal values of thyrotropin (TSH). The first hypothesis incriminated is that obesity
secondary to decreased basal metabolic rate due to hypothyroidism will increase insulinemia and
the free form of insulin growth factor 1 (IGF-1). These two hormones being factors of cell
growth will cause the proliferation of thyroid cells and increased local vascularity. Thus,

glandular synthesis and increased resistance to thyroid hormones will be affected. An



observational study in which higher values of thyroid hormone resistance indices were associated
with metabolic syndrome and diabetes supports this hypothesis.

The second hypothesis claims that IR is associated with an altered production of
cytokines, chemokines and other endocrine disruptors. A number of adipokines have been
studied, of which leptin may partially explain this relationship. Chemokines were studied
separately for patients with prediabetes and thyroid pathology, respectively. From the literature
review we found observational studies related to the subject of the doctoral thesis for: TNF-a
(Tumor Necrosis Factor), MCP-1 (Monocyte Chemoattractant Protein-1), interleukin-6,
interleukin-8 (IL-8), interleukin-1p, ITAC or CXCL-11 (Interferon —Inducible T Cell Alpha
Chemoattractant), IP-10 or CXCL-10 (interferon-inducible protein 10), fractalkine or CX3CLL1.

IR is associated with a proinflammatory status characterized by increased IL-1, TNF-a,
MCP-1, and interferon Y (IFN-Y) which will lead to the activation of autoimmunity, one of the
consequences being thyroid dysfunction. Other hormones such as vitamin D, which has been
associated with the onset of autoimmune thyroiditis, also mediate inflammatory stress.

Chemokines that have the ability to influence the migration of leukocytes, both in the
case of an inflammatory status and in physiological conditions. Their heterogeneous behavior
due to the interaction with several G protein-coupled receptors, made their understanding a slow
process. Therefore, we aimed to analyze chemokine concentrations in patients with subclinical
hypothyroidism with or without associated insulin resistance.

Another fundamental problem is given by the methods of determination for these small
molecules. In addition to the standard laboratory assays based on immunoenzymatic reactions,
electrochemical methods are developing. One of them is that of stochastic sensors. The principle
of the method is based on the conductivity of nanochannels (pores) formed in materials such as
graphene or diamond (which form the sensor itself together with other added molecules), when a
constant potential is applied, and the current is measured by a special device (potentiostat). The
measured parameters are to and ton that appear on the diagrams of the software connected to the
potentiostat. The tys values are specific to each biomarker, so they correspond to a qualitative
determination. Quantitative determination is done by measuring the to,. The objective was to
create a fractakine sensor in collaboration with research team of the Process Analytical
Technology Laboratory in order to improve the current determination method. The advantages of

this method are low costs, the ability to determine several tests simultaneously in very small



quantities, the possibility to use several biological samples - whole blood, saliva, urine. The

duration of a test is relatively short, and the samples do not require prior processing.

Synthesis of chapters

The general part of the doctoral thesis consists of two chapters. Chapter 1 is dedicated to
the relationship between hypothyroidism and insulin resistance. It begins with the definition of
the two concepts, a short history and some epidemiological data. We addressed the physiology
and pathogenesis of hypothyroidism and its importance in practice, including ways to determine
thyroid hormones. Then, we made a synthesis related to the pathogenesis of insulin resistance
and ways of assessing insulin resistance. Subchapter 1.10 makes the connection between the two
research topics, followed by the presentation of the consequences of hypothyroidism and the
importance of studying the subject.

In Chapter 2 we addressed cytokines and chemokines as pathogenic factors involved in
hypothyroidism and insulin resistance. The first subchapter defines chemokines, afterwards is
followed by the classification and general pathogenic mechanism. | chose to present each
chemokine described so far in the two pathologies as separate subchapters.

We formulated the research hypothesis in Chapter 3. First, we assumed that there is a
difference in insulin resistance between patients with hypothyroidism and euthyroid patients. To
prove this hypothesis, I conducted three observational studies. | aimed to characterize the
population with IR and the relationship with other risk factors such as 25hydroxyvitamin D. In
order to have an integrative contribution in the relationship IR-hypothyroidism, | analyzed the
differences related to the concentration of chemokines for several subgroups, with or without
hypothyroidism after adjusting for confounding factors like weight or autoimmunity status.
Second, | assumed that the stochastic sensor we developed has good sensitivity and detection

limits for fractakline, compared to the standard method based on immunofluorescence.

As research objectives, we aimed to analyze whether the presence of hypothyroidism is
associated with an increase in IR; to determine the prevalence of hypothyroidism and insulin
resistance in the Romanian population; to investigate other factors involved in IR - vitamin D; to

describe the relationship between a range of chemokines and adipokines in patients with



hypothyroidism; to collaborate with other research teams in order to develop a new stochastic

method for the determination of chemokines.

The research methodology is written in Chapter 4. The patients included in the studies
presented consecutively on an outpatient clinic for routine assessment of obesity, prediabetes,
thyroid disease or osteoporosis. The studies followed the principles of the Helsinki Declaration.
Each patient signed the informed consent to participate in the study and the agreement to process
personal data. We obtained the approval of the Ethics Commission of the Diabetes Department
of the Carol Davila University of Medicine and Pharmacy, located in the National Institute of
Diabetes, Nutrition and Metabolic Diseases NC Paulescu, Bucharest, Romania.

Blood samples were analyzed by the same laboratory: either shortly after collection
(biochemical and hormonal analyzes), or at 6 months, after storage at -70 degrees (blood
chemokines). We evaluated thyroid function by measuring thyroid stimulating hormone (TSH)
and free thyroxine (fT4). IR was calculated by standard formulas or calculators for homeostatic
model assessment (HOMA), QUICKI index, and triglycerides/high density lipoprotein
cholesterol ratio. Resistance to thyroid hormones was calculated using the standardized formulas
described in literature. The included clinical parameters were weight, height and body mass
index (BMI), and in the third study the body composition was assessed by professional
bioimpedance.

To create the databases we used four Microsoft Office Excel® files (Microsoft Corp,
Washington, USA, 2007). Inferential statistical analyzes were performed with the computing and
programming environment R v. 4.0.3, under the local terminal RStudio - v. 1.1.456, as well as
SPSS version 20.

In the first study performed (Chapter 5), at the analysis over a period of one year, the
presence of hypothyroidism did not increase the risk of patients having insulin resistance. The
evolution towards clinical hypothyroidism and diabetes, respectively, did not have a significant
effect on IR.

Although the general review of the data in the literature tends to favor the existence of a
relationship between hypothyroidism and IR, we must mention that this hypothesis is based on

observational studies. The advantage of our study is the design that allowed us to evaluate IR and



thyroid function over different periods of time. Also, the analysis of the samples by the same
laboratory confers a uniformity of the data. The susceptibility to recall bias and information bias
is low because we had direct access to the laboratory database.

We were able to adjust our multivariate analyzes for age, lipid profile, and treatment, but
one of the limitations is the absence of other hormonal blood tests (control of other possible
variables cannot be fully controlled as for all case-control studies). Also, the relatively small
sample size could influence the results as well as the TSH value. It is possible that the
relationship is evident only at higher TSH values.

In the second study (Chapter 6) there were no significant associations between vitamin D
(250HD) and IR. We observed a weak positive correlation between a higher level of 250HD
and an increase in HbAlc, HOMA-IR2 (peptide C), as well as a decrease in QUICKI. BMI had
the strongest association with the response variables considered. Other modifiable or non-
modifiable factors exceed the influence of 250HD on IR in adult women with normal serum
levels and may contribute to the rest of the observed variability. Supplementation is
recommended in patients with vitamin D deficiency and further studies are needed to
demonstrate pleiotropic effects in real-life cohorts that frequently have associated endocrine

diseases.

| hypothesized that pro-inflammatory status induced by obesity through adipocyte
hypertrophy and excess free fatty acids, associated or not with hypothyroidism, translates into
increased secretion of chemokines. Therefore, an observational cross-sectional study was
conducted (Chapter 7), that included patients presented consecutively for nutritional assessment
in an outpatient diabetes clinic. From the correlation analysis we obtained a significant positive
association between all HOMA-IR indices and C reactive protein (PCR), ferritin. Insulin-derived
HOMA-IR better identifies cases of IR compared to other indices. In patients with subclinical
hypothyroidism, HOMA-IR 1 and 2 (insulin) correlated positively with I-TAC. This group of
patients also had higher median IL-8 values, similar to the group with early diabetes.

Attempting to model HOMA-IR1 and 2 (insulin) based on chemokines (IL-8, I-TAC, IP-

10, leptin), the presence or absence of subclinical hypothyroidism and PCR, taking into account



age, BMI, abdominal circumference, glycated hemoglobin, and ATPO identified a single
chemokine that was statistically significantly associated with the dependent variable (IL-8), but
with a negligible, clinically insignificant effect. Studies that include a larger number of patients
are needed to demonstrate whether IL-8 has been increased by chance in our population, and
whether there is a common mechanism in both pathologies, or an independent one.
Sensitivity/Resistance indices to thyroid hormones, TSHI and TT4RI are inversely
correlated with serum resistin, therefore the possible role of this chemokine, along with leptin,
should be further investigated. A higher increase in I-TAC, leptin, and resistin levels in particular
could lead to decreased sensitivity to thyroid hormones, as well as a faster increase in insulin

resistance compared to the population of euthyroid obese women.

Also, in my doctoral studies, | participated in the UEFISCDI, PNCDI 111, PN-111-P4-ID-
PCE-2016-0120 research project, which aimed to develop stochastic sensors in the early
diagnosis of diabetes. Subsequently, in an experimental study that followed I participated in the
development of a stochastic sensor designed for the detection of fractalkine (one of the
chemokines used in the third study) in patients with prediabetes, diabetes and obesity (Chapter
8). We chose this analyte because it had the highest median concentration in the group of

patients with prediabetes.

Personal Contributions (Chapter 9)

In the field of epidemiological studies on the Romanian population: I described the
prevalence of insulin resistance and thyroid pathologies; | described the relationship between
thyroid function and insulin resistance (I contributed with an ISI indexed journal publication); I
described the relationship between 25 hydroxy vitamin D and insulin resistance (I contributed

with an ISl indexed journal publication).

In the field of studying biomarkers with a role in insulin resistance: | described the role of
chemokines in the appearance of insulin resistance in patients with thyroid pathology; | have
contributed to the development of a new method of determination using stochastic fractalkine

sensors in patients with prediabetes, diabetes, and obesity.
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