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ABSTRACT

INTRODUCTION

As diabetes mellitus (DM) is one of the most important health problems worldwide, due
to its continuous increasing prevalence, the healthcare and economic system face an
enormous burden. This pathology tends to gain epidemic proportions, as cases of diabetic
individuals, both type 1 DM (T1DM) and type 2 DM (T2DM), are expected to rise continuously.

DM is one of the most important contributor to morbidity and mortality, as it generates
an extensive range of complications, both micro- and macrovascular ones. Cardiovascular
disease (CVD), including strokes, acute myocardial infarction (MI) or peripheral vascular
disease, as well as diabetic polyneuropathy (DPN), CKD, diabetic eye disease, or even oral
complications comprise this long list of life-threatening or life-altering DM-related

complications.

Diabetic eye disease refers to several pathological changes that alter various eye
structures. Ocular surface diabetes-related complications encompass dry eye disease,
diabetic keratopathy, crystalline lens opacifiacion resulting in cataracts. Posterior pole
envolment is represented by diabetic papilopathy, non-arteritic ischemic optic neuropathy, or
glaucoma, while retinal structures are at risk of diabetic retinopathy (DR) and diabetic macular
edema (DME). Furthermore, DR and DME and cataract represent the most frequent causes

of blindness, globally.

Considering the alarming rate of increasing DM cases as well as associated
complications that profoundly impact patient’s quality of life, a stringent evaluation and timely
therapeutic management are needed in all diabetic individuals, regardless of diabetes
subtype. Even so, healthcare providers face a great variability regarding the development of
these associated complications. Conventionally, inadequate glycemic control and prolonged
diabetes duration have been considered the main causes that determine diabetes-related
systemic or ophthalmic complications, yet general health status or even genetic factors must

be taken into account when establishing the optimal approach for each patient.

Given the importance of systemic-health related risk factors in the development of
ocular complications of DM, the research on which this doctoral thesis is based aims to
investigate the main risk factors associated with DR, DME, and cataracts occurrence among

both TIDM and T2DM patients. The main focus was to identify the most frequently



encountered pathologies that are involved in the development of these diseases, in order to

raise awareness of the stringent need for a multidisciplinary approach for these patients.

In order to obtain this goal, the line of this research was to evaluate adult patients
diagnosed with both TIDM and T2DM concerning DM status and associated ophthalmologic
and systemic diseases. In all the studies that comprise this research, both a general clinical
evaluation as well as a comprehensive ophthalmologic evaluations were performed on all

participants.

The mains objectives of this research are represented by:
- proper identification of DR, DME and cataracts in adult diabetic patients

- assessment of systemic risk factors involved in the occurrence of these ocular

pathologies.

In order to obtain these objectives, we conducted a number of 4 studies involving adult
participants (above 18 years of age), priorly diagnosed with DM. The results of these studies

are detailed in the special part of this thesis.

All these studies were conducted in a non-interventional, cross-sectional manner, and
they all took place at the Diabetes Care Outpatient Facility Center of Pius Brinzeu Emergency
County Hospital in Timisoara, Romania, over a period of 6 months, between 21 May 2024 and
16 September 2024.

The studies were guided by the principles of the Declaration of Helsinki (2013 version)
and were approved by the Ethics Committee of “Pius Brinzeu County Hospital”. Informed
consent was obtained from all included study participants, none of them being involved in the

development of these studies.
The following studies were incorporated in this present thesis:
Study 1: determination of DR predictors in T2DM patients
Study 2: screening of DME-related comorbidities
Study 3: evaluation of the risk factors involved in cataract development in patients with DM
Study 4: cataract development, main subtypes, and characteristics among diabetic patients.

Study participants attended their prescheduled visits at the polyclinic and underwent
their general evaluation, and were also evaluated by a board-certified ophthalmologist.

Significant data were retrieved and evaluated from each patient’s medical chart.



General evaluation referred to the assessment of demographic characteristics,
anthropometric indexes, DM profile and metabolic control, general associated comorbidities,
and smoker status. Ophthalmologic evaluation was centered on the identification of diabetes-
related ophthalmic complications. Inclusion and exclusion criteria were formulated for each of

the four studies.
Inclusion criteria were represented by:
- age above 18 years
- prior diagnosis of DM (T1DM, T2DM).
General exclusion criteria included:
- significant cognitive impairment
- neuropsychiatric pathologies
- institutionalized or hospitalized patients
Ophthalmologic exclusion criteria referred to:
- significant corneal opacities
- extensive ocular surface diseases
- severe cataracts
- other cataract subtypes besides cortical cataract (CC) , nuclear sclerotic cataract (NS )
and posterior subcapsular cataract (PSC)
- significant vitreous hemorrhage
- retinal detachment
- epiretinal membranes
- high myopia or congenital/traumatic glaucoma.

A standard full blood panel was performed in the hospital’'s laboratory on all

participants as part of the standard protocol regarding DM evaluation in Romania.

Anthropometric indexes like weight and height, as well as abdominal circumference
were measured. BMI was calculated according to the metric system by dividing the weight
measured in kg by the squared height measured in meters. Patients were classified according

to WHO criteria accordingly (overweight: BMI values above 25 kg/m? and obese at BMI equal



to or above 30 kg/m? while obesity was classified according to BMI values in grade 1, grade

2, and grade 3).
Diabetes diagnosis was established according to the following values:
- fasting plasma glucose levels > 7.0 mmol/L (126 mg/dL)
- HbA1c value above 6.5%
- 2-h post-load plasma glucose > 11.1 mmol/L (200 mg/dL)

DM duration was considered as the number of years passed from DM diagnosis to the
inclusion date in this present research. Patients with both TILDM and T2DM were included in
these four studies, while other diabetes subtypes like gestational and secondary diabetes

were excluded.

BP was measured with an aneroid sphygmomanometer and HTN was diagnosed at
systolic pressure above/equal to 140 mmHg and/or diastolic pressure above/equal to 90
mmHg. According to blood pressure values, HTN was classified in accordance with its severity

in grades from 1 to 3.

Diabetic polyneuropathy (DPN) was assessed by performing a nerve conduction
velocity (NCV), with values considered pathologic at less than 40 m/s and also with the usage
of Michigan Neuropathy Screening Instrument in which case the following values were

considered pathological: clinical score > 2.5, questionnaire score >7 or overall score> 9.5.

Regarding systemic comorbidities, CKD was diagnosed at values less than 60 mL/min
of the creatinine-based glomerular filtration rate estimate (eGFR), and dyslipidemia was noted
according to abnormal lipid panel values. CVD, liver disease, or hepatic steatosis were noted
from the medical records of each participant, diagnoses that were all established through

interdisciplinary consults.

Lifestyle habits were taken into consideration in all researches, with focus on smoker
status that was self-reported. Only active smokers were taken into consideration. Data

regarding past smokers, number of cigarettes, or smoking years were not included.

Ophthalmologic evaluation referred to an extensive fundus examination, performed
after prior pupil dilation, by a board-certified ophthalmologist. A Topcon SL-D2 biomicroscope
(Tokyo, Japan) was used for this purpose. The main focus was on identifying cataracts and
cataract subtypes, but also DR and DME presence. Intraocular pressure (IOP) values were
also assessed with a Perkins handheld applanation tonometer (Haag-Streit, Koniz,

Switzerland).



The ETDRS guidelines were used to properly establish DR and DME diagnosis. DR
was classified according to ophthalmic findings in NPDR with mild, moderate, and severe

stages and PDR, in the presence of:
- mild NPDR : at least one microaneurysm

- moderate NPDR: microaneurysms or hemorrhages, cotton wool spots, exudates, VB,

intraretinal Microvascular Abnormalities (IRMA)

- severe NPDR: microaneurysms or hemorrhages in all four retinal quadrants, VB in two

or more quadrants, IRMA in at least one quadrant

- PDR: preretinal or vitreous hemorrhage, NVE

DME diagnosis was made in the presence of the following aspects identified within 1

disk diameter from the fovea:
- retinal thickening

- hard exudates

Cataract presence or prior cataract surgery with intracocular lens (IOL) implant was
noted on all participants. In order to diagnose and classify these findings, the Lens Opacity

Classification System (LOCS) Ill was used, as follows:
- CC (spoke-like/ wedge-shaped opacities in the crystalline lens periphery)
- PSC (opacified plagues/granular opacities in the posterior cortex)

- NS (yellow/hardened lens nuclei).

Statistical analyses were performed using MedCalc® Statistical Software, version
22.0.16 in Study 1 and version 23.0.5 in Studies 3 and 4, developed by MedCalc Software
Ltd., based in Ostend, Belgium. Additional softwares used were IBM's Statistical Package for
Social Sciences, version 28, In Study 2, and JASP, version 0.19.0, in Study 4. The datasets
with patient-related information were initially constructed in Microsoft Excel 2019 before being

transferred into the respective statistical software programs for subsequent analysis.

For Study 1, an a priori sample size estimation was performed to ensure a confidence
interval (1-a) of 95%, with a statistical power (1-B) of 80%, aligning with the primary research

objective.



The assumption of normal data distribution was evaluated using the Shapiro—Wilk test.
Depending on the distribution and characteristics of the dataset, various statistical
methodologies were implemented to determine inter-group differences and assess their
statistical relevance. Variables demonstrating normal distribution were reported as means with

standard deviations and analyzed using the unpaired Student’s t-test.

Comparisons of arithmetic means for parametric variables between two distinct groups
were conducted using the Mann-Whitney U test, whereas variance across multiple groups
was analyzed via ANOVA. For datasets not conforming to a Gaussian distribution, median
values accompanied by interquartile ranges were reported for continuous variables and
subsequently assessed using the Mann—-Whitney U test for two-group comparisons and the
Kruskal-Wallis test for evaluating median variations across multiple groups. Categorical
variables, expressed as percentages, were examined using the Chi-square test to determine

statistically significant differences.

The degree of association between variables was determined through Spearman’s
correlation coefficient in Study 1. In Study 2, the relationship between DME and the risk factors
for type 1 and type 2 DM was analyzed using the Phi coefficient (¢) for categorical variables

and the point-biserial correlation (rpb) for continuous variables.

Additionally, multivariate logistic regression analyses were executed to identify
potential risk determinants for diabetic retinopathy (Study 1), diabetic macular edema (Study
2), and cataracts (Study 3). To evaluate the predictive capability of continuous variables for
dichotomous outcomes, Receiver Operating Characteristic (ROC) curve analyses were
conducted. These curves facilitated the determination of optimal cut-off thresholds, with the
area under the curve (AUC) computed to quantify diagnostic accuracy. Sensitivity and
specificity were extracted from these analyses, and optimal thresholds were identified utilizing

Youden’s index.

Furthermore, in Study 3, a precision-recall curve was generated to analyze varying
thresholds for age and diabetes duration, with results presented as differences in precision-
recall curve areas alongside bootstrap confidence intervals. In study 4, a machine learning
algorithm, the Random Forest Classification model, was used to improve prediction accuracy

of cataracts and reduce overfitting.

A threshold of statistical significance was established at p-values below 0.05 (two-

tailed), denoting a strong level of confidence in the findings obtained from the analyses.

10



PERSONAL CONTRIBUTIONS

STUDY |I. Predictors of Diabetic Retinopathy in type 2 Diabetes: A cross-
sectional study

Results:

This study included 302 adult participants diagnosed with T2DM who attended
prescheduled visits at the Diabetes Care Centre between 21 May 2024 and 24 June 2024

and was focused on evaluating DR and associated risk factors.

In the evaluated group, results have shown that patients had a median age of 64
years, 48% of them being women, with a 12-year median duration of DM. All individuals
exhibited inadequate glycemic control reflected by a median HbA1C value of 7.5%. From the
total number of participants, the total prevalence of DR in different stages of severity was
34.8% with a 95% CI. Statistically significant values were found regarding the following

parameters:
- DM duration (p = 0.007)
- HbAlc > 7.2% (p = 0.001)
- patients aged over 67 years (p = 0.0035)

The obtained results highlighted the fact that older patients with T2DM that have a longer

disease duration and associated comorbidities present a higher risk of DR development.

Study II: Diabetic Macular Edema in the Western Part of Romania: Screening to
improve Patient Outcomes

Results:

This second study included 105 adult participants priorly diagnosed with T1DM or
T2DM evaluated between 16 July 2024 to 06 August 2024 and was focused on DME
assessment and associated comorbidities. A number of 77 participants of the whole group
presented DME.

Patients in the DME group presented a median age of 65, with a mean disease
duration of 15 years and inadequate glycemic control, reflected by a mean HbA1c of 7.5%. All
patients presented at least one comorbidity, with hypertension (100%) and dyslipidemia

(62.3%) being the most prevalent.

1



A statistically significant correlation was found between DME and the following

parameters:

- diabetes duration (p = 0.01)
- PDR (p =0.004)

- CKD (p = 0.034).

Study lll: Risk Factors for Cataracts in Patients with Diabetes Mellitus

Results:

This third study evaluated 319 participants who were previously diagnosed with DM,
and was conducted between 16 July and 16 September 2024, and focused on cataracts
among diabetic individuals and co-occuring systemic conditions. The main studied risk factors
were represented by:

-HTN
- CvD

- CKD

- DPN

- dyslipidemia

- hepatic steatosis

All these pathologies were present among the entire population, the obtained results
have highlighted the following aspects: HTN (67.6%), DPN (53.3%), and dyslipidemia (46.6%)
were highly prevalent in the cataract subgroup, while CKD (p < 0.001) and DPN (p = 0.019)

were found to be predictive factors for the probability of cataract occurrence.

Regarding the ophthalmologic evaluation, DR and DME were evaluated in correlation with
cataract, DR reached statistically significant values in its occurrence. Furthermore, the

following factors increased the risk of cataract:

patients’ age

DM duration (p < 0.001)

HbAlc values (p = 0.029)

smoking (p = 0.04).

12



Study IV: Diabetes and Cataracts Development —Characteristics, Subtypes and
Predictive Modelling using Machine Learning in Romanian Patients: A cross-
sectional study

The fourth study was conducted between 16 July and 16 September 2024 and
comprised of a total number of 201 participants with cataracts (47.6% women and 52.4%
men), 105 of them being diagnosed with DM, and was concentrated on assessing

characteristics regarding cataract development and cataract subtypes.

With the use of machine learning, the patients were categorized as presenting one of
the three main types of cataracts: CC, NS, and PSC.

The obtained results have shown that cataracts have been encountered more
frequently and at a younger age in patients with diabetes. More so, CC was significantly more
frequent among patients with diabetes (p < 0.0001), while the NS and PSC subtypes did not
reach statistical significance. Another important aspect of this study is that machine learning
could contribute to an early diagnosis of cataracts, in the evaluated group the presence of
diabetes, DM duration or DPN exhibited the highest importance regarding a successful

classification.

CONCLUSIONS

The results obtained from all the above mentioned studies led to several conclusions
regarding T1DM and T2DM individuals, as follows:

- the mostimpacting comorbidities besides poor glycemic control and longer disease duration

regarding DR occurrence are HTN, CVD, CKD, and dyslipidemia
- DME patients present predominantly associated HTN, dyslipidemia and CKD

- cataract in general was mostly linked to CKD and DPN, while hepatic steatosis was

correlated with NS subtype
- diabetic patients tend to develop bilateral cataracts more often, and at a younger age

- CC subtype is the most encountered cataract subtype in diabetic individuals, followed by
PSC and NS

13



machine learning could improve cataract screening and management

thorough and frequent ophthalmologic screenings are needed in diabetic patients,
especially younger ones

ophthalmologic screening is recommended for all DM patients starting at diagnosis.

interdisciplinary consults are needed for a better evaluation of associated comorbidities, as

patients with DM tend to present multiple co-occurring conditions
regular check-ups for evaluating DM status in order to enhance treatment-related results

further patient education regarding diabetes, its complications and symptoms, in order to
improve patient’ adherence to treatment and patient-physician relationship

smoking cessation and general lifestyle improvement need to be advised in all diabetic

patients.

14
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REZUMAT

INTRODUCERE

Diabetul zaharat (DZ) reprezinta una dintre cele mai importante probleme de sanatate
la nivel global, datorita cresterii continue a prevalentei sale, ceea ce determina un impact
negativ semnificativ asupra sistemului economic si de sanatate. Aceasta patologie are
tendinta de a atinge proportii epidemice, avand in vedere cresterea continua a cazurilor atat
de DZ tip 1 céat si de DZ tip 2.

Diabetul este unul din cei mai importanti contribuitori la rata de morbiditate si
mortalitate, avand in vedere ca genereaza o gama vasta de complicatii, atat micro- céat si
macrovasculare. Boala cardiovasculara (BCV), infarctul miocardic acut (IMA), boala vasculara
periferica, polineuropatia diabetica (PD), boala cronica de rinichi (BCR), patologia oculara
diabetica sau complicatiile legate de sanatatea orala fac parte din lista lunga de complicatii ce
altereaza calitatea vietii pacientului diabetic.

Boala oculara diabetica se refera la multiplele modificari patologice care altereaza
diferite structuri ale globului ocular. Patologia de suprafata oculara cuprinde sindromul de ochi
uscat, keratopatia diabetica si cataracta. Polul posterior poate fi afectat de patologii cum ar fi
papilita, neuropatia optica nonischemica sau glaucomul, pe cand structurile retiniene prezinta
risc de dezvoltare a retinopatiei diabetice (RD) si a edemului macular diabetic (EMD).

Luand in considerate rata alarmanta de crestere a cazurilor de DZ si a complicatiilor
amenintatoare de viatd asociate, devin obligatorii atat evaluarea minutioasa a pacientului
diabetic cat si adoptarea unei strategii terapeutice optime pentru fiecare pacient, indiferent de
subtipul de DZ prezentat. Chiar si cunoscand aceste informatii, existd o mare variabilitate
legata de aparitia acestor complicatii. in mod conventional, controlul glicemic inadecvat sau o
durata lunga a DZ a fost considerate cauza prinicipala de aparitie a complicatiilor sistemice
sau oculare determinate de diabet, insa statusul general al starii de sananate sau chiar factorii
genetici trebuie luati in considerare in momentul stabilirii abordarii terapeutice optime.

Avand in vedere importanta factorilor de risc sistemici in aparitia si dezvoltarea
complicatiilor oftalmologice determinate de diabet, studiul acestei teze doctorale are ca scop
investigarea si evaluarea principalilor factori de risc asociati cu aparitia RD, EMD si a
cataractei la persoanele cu DZ tip 1 si 2. Prin intermediul acestor studii se doreste atéat
identificarea celor mai frecvente patologii ce se coreleaza cu aparitia acestor complicatii

oculare, cat si contientizarea necesitatii unei abordari multidisciplinare a acestor pacienti.



Pentru atingerea acceptor obiective, studiul doctoral s-a focusat pe evaluarea
pacientilor adulti cu DZ (tip 1 si tip 2), n legatura cu statusul diabetului, a complicatiilor oculare
si a patologiilor sistemice asociate. Toti participantii la acest studiu au fost supusi unei evaluari

generale si unui examen oftalmologic.

Obiectivele principale ale acestui studiu doctoral sunt reprezentate de:
- diagnosticul corespunzator al RD, EMD si cataracta la adultii cu DZ
- evaluarea factorilor de risc sistemici implicati in aparitia acestor complicatii
Pentru a tinge aceste obiective am derulat un numar total de 4 studii care au inclus
participanti adulti (peste 18 ani), diagnosticati anterior cu diabet zaharat. Metodologia Si
rezultatele acestor studii sunt descrise in detaliu n partea speciala a tezei doctorale.

Toate cele 4 studii au fost de tip cross-sectional, non interventional si s-au desfasurat
in cadrul Centrului de Diabet al Spitalului Clinic Judetean de Urgenta Pius Brinzeu din
Timisoara, Roamania, pe o perioada cumulata de 6 luni (21 mai-16 sepembrie 2024).Modul
de derulare al acestor studii s-a ghidat dupa principiile Declaratiei de la Helsinki (versiunea
2013), toate fiind aprobate de Comisia de Etica a Spitalului Pius Brinzeu. Consimtamantul
informat a fost obtinut de la toti participantii, niciunul nu a fost implicat in desfasurarea
acestor studii. Acestea au fost:

Studiul 1: determinarea factorilor predictivi ai RD la pacientii cu DZ tip 2

Studiul 2: screening-ul comorbiditatilor asociate cu EMD

Studiul 3: evaluarea factorilor de risc implicati in dezvoltarea cataractei la pacientii diabetici

Studiul 4: aparitia cataractei si principalele subtipuri si caracteristici la pacientii diabetici
Participantii la aceste studii au frecventat controalele prestabilite din cadrul policlinicii si

au fost evaluati de asemenea de catre un oftalmolog. Datele semnificative din fisele fiecarui

pacient au fost evaluate.

Evaluarea generala s-a referit la analizarea caracteristicilor demografice, a indicilor
antropometrici, profilul si controlul DZ, patologiilor sistemice si a statususlui de fumator.
Evaluarea oftalmologica a most centrata pe diagnosticul complicatiilor oculare determinate de
diabet. S-au formulat criterii de includere si exclude pentru toate studiile.

Criteriile de includere au fost reprezentate de:
- varsta pestel8 ani

- diagnostic de DZ (tip 1 si tip 2).

Criterii excludere generale:

- declin cognitiv

- patologii neuropsihiatrice

- pacienti institutionalizati

Criterii de excludere oftalmologice :

- opacitati corneene extinsesignificant corneal opacities



- patologii semnificative de suprafata oculara

- cataractd matura

- alte subtipuri de cataracta in afara de corticald, nucleara si subcapsulara posterioara

- hemoragii vitreene masive

- dezlipire de retina

- membrane epiretiniene

- miopii mari

- glaucom congenital/traumatic

Un set complet de analize a fost efectuat in laboratorul de analize din cadrul Spitalului
Judetean, ca parte a protocolului standard de evaluare a pacientilor diabetici in Romania.

Au fost masurate date antropometrice cum ar fi inaltimea, greutatea si circumferinta
abdominala. Indicele de masa corporala (IMC) a fost calculat conform sistemului metric.
Pacientii au fost clasificati conform ghidurilor Organizatiei Mondiale a Sanatatii n
supraponderali la valori ale IMC mai mari de 25kg/m? si obezi la valori peste 30 kg/m?;
obezitatea fiind clasificata ulterior in 3 grade.

Diagnosticul de DZ s-a stabilit conform urmatorilor parametri:

- glicemie a jeun > 7.0 mmol/L (126 mg/dL)

- HbAlc peste 6.5%

- glicemie la 2h postprandial > 11.1 mmol/L (200 mg/dL)

Durata diabetului a fost considerata ca fiind intervalul de timp scurs de la data
diagnosticului pana la includerea in studiu. In aceste 4 studii, au fost inclusi atat pacienti cu
DZ tip 1, cat si cu DZ tip 2, diabetul secundar sau gestational fiind excluse.

Tensiunea arterialda a fost masurata cu ajutorul unui tensiometru aneroid, iar
hipertensiunea arterialéd a fost diagnosticata in prezenta valorilor care au depasit 140/90
mmHg. In functie de valorile obtinute, hipertensiunea a fost ulterior clasificata in grade de
severitate de la 1 la 3.

PD a fost diagnosticata prin efectuarea vitezei de conducere nervoasa (VCN), valori
patologice fiind considerate sub 40 m/s. De asemenea s-a utilizat testul Michigan, in cadrul
caruia s-au considerat patologice urmatoarele rezultate: scor clinic peste 2.5, scor de
chestionar peste 7 sau scor total peste 9.5.

In ceea ce priveste comorbiditatile asociate, diagnosticul de BCR a fost stabilit la valori
ale ratei filtrarii glomerulare (RFG) sub 60 mL/min, iar diagnosticul de dislipidemie a fost pus
in contextul profilului lipidic anormal. BCV sau patologia hepatica au fost luate ih considerare
Tn urma stabilirii acestor diagnostice prin intermediul consulturilor interdisciplinare.

Stilul de viatd a fost de asemenea evaluat in cadrul tuturor studiilor efectuate, cu
accent pe statusul de fumator, care a fost auto-raportat. Doar fumatorii activi au fost luati in

considerare; date privind anii de fumat sau numarul de tigari nu au facut obiectul acestor studii.



Examenul complet oftalmologic a fost efectuat dupa dilatarea pupilei, utilizand un
biomicroscop Topcon SL-D2 (Tokyo, Japan), avand ca obiectiv principal evaluarea cataractei
si a subtipurilor sale, cat si a RD si EMC. Tuturor participantilor li s-a masurat presiunea
intraoculara cu un aplanotonometru manual Perkins (Haag-Streit, Koniz, Switzerland).

Diagnosticele de RD si EMC au fost stabilite in concordanta cu ghidurile ETDRS. RD
a fost clasificata in stadiile usoara, moderata si severa dupa cum urmeaza:

- RDNP: cel putin un microanevrism
- RDNP moderata: microanevrisme, hemoragii, exudate vatoase, modificari vasculare
(beading venos, anomalii vasculare intraretiniene)
- RDNP severa: microanevrisme sau hemoragii in toate cele 4 cadrane, beading venos
in cel putin 2 cadrane si anomalii vasculare intraretiniene in cel putin 1 cadran
- RDP: hemoragii preretiniene sau vitreene, neovascularizatie prezenta
Diagnosticul de EMC s-a stabilit in prezenta urmatoarelor aspecte patologice prezente la 1
disc papillar distanta de fovee:
- Ingrosare retiniana
- exudate dure

A fost evaluata prezenta cataractei sau a implantului pseudophakic. Clasificarea
utilizata fiind Lens Opacities Classification System Ill (LOCS Ill), dupa cum urmeaza:

- cataracta corticala (opacitati cu aspect de spita sau triunghiulare in periferia cristalinului)
- cataracta subcapsulara posterioara (opacitati granulare in cortexul posterior)

- cataracta nucleara (densificarea nucleului cristalinian)

Analiza statistica a fost efectuata utilizand programul statistic MedCalc® Statistical
Software, versiunea 22.0.16 in studiul 1 si versiunea 23.0.5 in studiile 3 si 4, dezvoltat de
MedCalc Software Ltd., din Ostend, Belgia. Aditional, au mai fost folosite IBM's Statistical
Package for Social Sciences, versiunea 28 in studiul 2, si JASP, versiunea 0.19.0, in studiul
4. Bazele de date cu informatiile pacientilor au fost construite initial in Microsoft Excel 2019,

apoi transferate in programele de statisticd mentionate pentru a fi procesate si analizate.

Pentru studiul 1, o estimare prealabild a esantionlui de pacienti necesar a fost
efectuata pentru a asigura un interval de confidenta (1-a) de 95%, cu o putere statistica (1-8)
de 80%, in concordantd cu obiectivele primare ale studiului. Normalitatea distributiei
variabilelor a fost evaluatd utilizand testul Shapiro-Wilk. Tn functie de distributia si
caracteristicile bazelor de date, au fost implementate diferite teste statistice pentru
comparatiile intre grupuri precum si pentru a testa relevanta statistica. Variabilele cu distributie
normald au fost exprimate ca medii cu deviatii standard si analizate utilizand testul t student

impar pentru compararea mediilor aritmetice intre doua grupuri, iar pentru minim trei grupuri,



a fost utilizat testul ANOVA. Pentru variabilele cu distributie anormalad (non-gaussiana), au
fost raportate medianele si intervalele intercuartile pentru variabilele continue, iar compararea
acestora s-a efectuat utilizand testul Mann—Whitney pentru doua grupuri si testul Kruskal—
Walllis pentru trei sau mai multe grupuri. Variabilele categorice, exprimate ca procente, au fost
analizate utilizand testul Chi-patrat pentru a evalua semnificatia statistica a diferentelor intre
grupuri. Gradul de asociere intre variabile a fost determinat utilizénd coeficientul de corelatie
Spearman in studiul 1. Tn studiul 2, relatia dintre edemul macular diabetic si factorii de risc ai
diabetului zaharat de tip 1 si 2 a fost analizata utilizand coeficientul Phi (¢) pentru variabilele

categorice si corelatia punct-biserial (r,b) pentru variabilele continue.

De asemenea, am efectuat regresie logistica multivariata pentru a identifica potentialii
factori de risc ai retinopatiei diabetice (studiul 1), ai edemului macular diabetic (studiul 2) si ai
cataractei (studiul 3). Pentru a evalua capacitatea de predictie a diferitelor variabile, a fost
utilizata analiza curbei Receiver Operating Characteristic (ROC). Aceste curbe au facilitat
determinarea unor valori prag optime, cu ajutorul ariei de sub curba (AUC), pentru a cuantifica
acuratetea diagnostica. Sensibilitatea si specificitatea au fost extrase din analiza, iar

identificarea valorilor prag optime a fost realizata cu ajutorul indicelui Youden.

Mai mult decat atat, in studiul 3, a fost generata o curba precision-recall pentru a
analiza diferite praguri de varsta si de durata a diabetului. Rezultatele au fost prezentate ca
diferente intre ariile curbei precision-recall cu interval de confidenta. In studiul 4, un algoritm
de invatare automata, modelul Random Forest Classification, a fost utilizat pentru a
imbunatati acuratetea in a prezice prezenta cataractei si pentru a reduce suprapotrivirea

(overfitting-ul).

Un prag de semnificatie statistica a fost stabilit la o valoare p sub 0.005 (bilateral),

indicand un nivel puternic de incredere in rezultatele obtinute din analize.

CONTRIBUTII PERSONALE

STUDIUL L. Predictori ai retinopatiei diabetice in diabetul de tip 2 — studiu cross-
sectional

Rezultate:



Studiul a inclus 302 participanti adulti diagnosticati cu DZ tip 2 care s-au prezentat la
consulturile programate in Centrul de Diabet intre 21 mai si 24 iunie 2024 si s-a focusat pe

evaluarea retinopatiei diabetice si a factorilor de risc asociati.

In randul grupului evaluat, varsta medie a fost de 64 ani, 48% fiind de sex feminin, iar
durata medie de evolutie a diabetului zaharat a fost de 12 ani. Toti pacientii au prezentat un
control glicemic inadecvat reflectat prin o mediana a hemoglobinei glicozilate Alc (HbAlc) de
7.5%. Din totalul participantilor, prevalenta retinopatiei diabetice de diferite stadii de severitate
a fost de 34.8% cu un interval de confidenta de 95%. Diferente semnificative statistic au fost

decelate cu privire la urmatorii parametrii:
- durata diabetului zaharat (p = 0.007)
- HbAlc > 7.2% (p = 0.001)
- varsta peste 67 ani (p = 0.0035)

Rezultatele obtinute au evidentiat faptul ca pacientii varstnici cu diabet zaharat cu o
durata mai lunga a bolii si comorbiditati asociate, prezinta un risc mai mare de a dezvolta

retinopatie diabetica.

Studiul Il: Edemul macular diabetic in zona de vest a Romaniei- Screening
pentru a imbunatatii evolutia pacientilor

Resultate:

Acest al doilea studiu a inclus 105 pacienti adulti cunoscuti cu DZ tip 1 sau 2, evaluati
in perioada 16 iulie 2024-06 august 2024 si s-a focusat pe evaluarea edemului macular
diabetic si comorbiditatile asociate acestuia. In randul intregului lot studiat, un numar de 77

pacienti au prezentat edem macular diabetic.

Pacientii din grupul cu edem macular diabetic au avut o varsta mediana de 65 ani, cu
o durata medie a bolii de 15 ani si control glicemic inadecvat, reflectat de o HbAlc de 7.5%.
Toti pacientii au prezentat cel putin o comorbiditate, hipertensiunea (100%) si dislipidemia

(62.3%) fiind cele mai frecvente.

O corelatie semnificativa statistic a fost evidentiatad intre edemul macular diabetic si

urmatorii parametrii:

- durata diabetului (p = 0.01)

- retinopatia diabetica proliferatica (p = 0.004)
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- boala cronica de rinichi (p = 0.034).

Study lll: Factori de risc pentru cataracta la pacientii cu diabet zaharat
Rezultate:
Al treilea studiu a cuprins 319 pacienti cunoscuti cu DZ, si a fost realizat intre 16 iulie
si 16 septembrie 2024, focusandu-se pe prezenta cataractei la pacientii cu diabet si diverse

comorbiditati sistemice. Cei mai frecventi factori de risc ai cataractei sunt:
- hipertensiunea arteriala
- boala cardio-vasculara
- boala cronica de rinichi
- polineuropatia diabetica
- dislipidemia
- steatoza hepatica

Rezultatele obtinute au relevat urmatoarele aspecte: hipertensiunea arteriala (67.6%),
neuropatia diabetica periferica (53.3%), si dislipidemia (46.6%) au fost mai frecvent intalnite
in subgrupul pacientilor cu cataracta, in timp ce boala cronica de rinichi (p < 0.001) si
polineuropatia diabetica (p = 0.019) au fost identificate a fi factori predictivi pentru aparitia

cataractei.

In cadrul evaluarii oftalmologice, s-a analizat relatia dintre retinopatia diabetica,
edemul macular diabetic si prezenta cataractei, evidentiindu-se o asociere statistic
semnificativa intre retinopatia diabetica si cataracta. Mai mult decat atat, au fost identificati

urmatorii factori de risc asociati prezentei cataractei:

varst pacientilor

durata diabetului (p < 0.001)

valorile HbAlc (p = 0.029)

fumatul (p = 0.04).
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Studiul IV: Diabetul si dezvoltarea cataractei — caracteristici, subtipuri si
modelare predictiva folosind invatarea automata la pacientii roméani: un studiu
transversal

Cel de-al patrulea si ultimul studiu din cadrul tezei doctorale, a fost efectuat in perioada
16 iulie-16 septembrie 2024 si a cuprins un numar de 201 pacienti cunoscuti cu cataracta
(47.6% femei si 52.4% barbati), dintre care 105 cu diabet zaharat, si s-a concentrat asupra

evaluarii principalelor tipuri de cataracta asociate diabetului.

Cu ajutorul metodelor de invatare automata, pacientii au fost categorisiti ca apartinand
uneia din cele trei mari categorii de cataracta: corticala (CC), nucleara (NS), si subcapsulara
(PSC).

Conform rezultatelor obtinute, cataracta a fost mai frecvent intilnita, si la o varsta mai
tanara, in randul pacientilor diabetici. Mai mult decat atat, CC a fost semnificativ mai frecventa
in randul pacientilor cu diabet (p < 0.0001), pe cand subtipurile NS si PSC nu au atins
semnificatie statistica. Un alt aspect important al studiului a fost reprezentat de faptul ca
utilizarea invatarii automate ar putea contribui la diagnosticarea precoce a cataractei. in grupul
evaluat, prezenta diabetului, durata evolutiei acestuia si prezenta polineuropatiei diabetice au

avut cea mai mare relevanta in obtinerea unei clasificari corecte.

CONCLUZzIl

Rezultatele obtinute din studiile mentionate au condus la urmatoarele concluzii legate

de pacientii cu diabet zaharat tip 1 si 2, dupa cum urmeaza:

- pe langa controlul glicemic inadecvat si durata mai lunga a diabetului, cel mai mare impact
in dezvoltarea retinopatiei diabetice au prezentat urmatoarele comorbiditati: hipertensiunea

arteriala, boala cronica de rinichi si dislipidemia

- pacientii cu edem macular diabetic au prezentat mai frecvent hipertensiune arteriala,

dislipidemie si boala cronica de rinichi

- in general cataracta a fost asociatd mai adesea cu prezenta bolii cronice de rinichi si a
polineuropatiei diabetice, pe cand steatoza hepatica a fost corelata cu prezenta cataractei

nucleare

- pacientii diabetici tind sa dezvolte mai frecvent cataracta bilaterala, la varste mai tinere
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subtipul cortical de cataracta este cel mai frecvent subtip intalnit la indivizii cu diabet, urmat

de cataracta subcapsulara si de cea nucleara
invatarea automata ar putea imbunatatii screeningul si managementul cataractei

sunt necesare screeninguri frecvente si minutioase la pacientii cu diabet, in special la cei

tineri

screeningul oftalmologic este recomandat la toti pacientii cu diabet zaharat inca de la

momentul diagnosticului

consulturile interdisciplinare sunt necesare pentru o0 evaluare mai eficienta a

comorbiditatilor, intrucat pacientii cu diabet zaharat tind sa asocieze multiple afectiuni
reevaluarile periodice ale statusului diabetului zaharat sporesc rezultatele tratamentului

educarea pacientilor cu diabet, cu privire la posibilele simptome si complicatii, imbunatatesc

aderenta pacientilor la tratament si relatia pacient-medic curant

toti pacientii cu diabet trebuiesc consiliati cu privire la Tintreruperea fumatului si

imbunatatirea stilului de viata.
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