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| BACKGROUND AND RESEARCH OBJECTIVES

Cardiovascular diseases remain the leading cause of morbidity and mortality worldwide, with
a growing burden driven by population aging, metabolic disorders, and persistent exposure to
modifiable risk factors. Although traditional cardiovascular risk assessment focuses on individual
factors such as hypertension, dyslipidemia, diabetes, and smoking, increasing evidence supports
a more complex model in which cardiovascular risk results from interactions between

hemodynamic forces, metabolic disturbances, vascular structure, and biological aging processes.

Vascular aging is characterized by progressive structural and functional changes in the arterial
wall, leading to reduced elasticity and increased arterial stiffness. The concept of early vascular
aging (EVA) describes individuals with vascular properties resembling those of older subjects.
Arterial stiffness, commonly assessed by pulse wave velocity (PWV), is recognized as a robust,

independent predictor of cardiovascular morbidity and mortality.

From a pathophysiological perspective, arterial stiffening is a multifactorial process involving
structural alterations of the arterial wall, endothelial dysfunction, oxidative stress, inflammation,
and extracellular matrix remodeling. These mechanisms are strongly influenced by metabolic

factors, highlighting the close relationship between vascular aging and metabolic health.

Dyslipidemia is a major determinant of cardiovascular risk, with low-density lipoprotein
cholesterol representing a well-established causal factor in atherosclerosis. However, residual
cardiovascular risk persists even in individuals achieving recommended LDL cholesterol targets,
suggesting the involvement of additional lipid-related mechanisms. Increasing attention has been
directed toward triglyceride-rich lipoproteins, non-HDL cholesterol, apolipoprotein B, and
composite lipid indices, which may better reflect the atherogenic and metabolic milieu associated

with arterial stiffness, particularly in insulin-resistant states.

Lipid ratios such as the triglyceride-to-HDL cholesterol ratio, the atherogenic index of plasma,
and Castelli indices integrate information on both atherogenic and protective lipoproteins and
have shown strong associations with arterial stiffness and early vascular aging. Nevertheless, the
relative contribution of individual lipid parameters to vascular stiffening and pulse wave analysis
(PWA) variables remains incompletely understood, and the influence of age on these

relationships has not been fully elucidated. Given the profound effects of aging on vascular



structure, endothelial function, and lipid metabolism, further investigation is warranted to clarify

lipid—vascular interactions across the adult lifespan.

The present doctoral thesis is grounded in the concept that arterial stiffness represents an
integrative marker of vascular aging influenced by metabolic and hemodynamic factors. By
combining insights from existing literature with original analyses of lipid parameters, lipid-derived
indices, arterial stiffness, and PWA variables, this work aims to contribute to a more refined
understanding of age-dependent metabolic—vascular interactions and their implications for

cardiovascular risk assessment and prevention.

The overall aim of this doctoral research is to investigate the relationship between lipid
metabolism and arterial stiffness as a key manifestation of vascular aging, with particular
emphasis on age-dependent associations and the interaction between metabolic and

hemodynamic factors.

Il METABOLIC BIOMARKERS AND HEMODYNAMIC PHENOTYPE |IN
HYPERTENSION

1 CHARACTERISTICS OF THE STUDY POPULATION

A total of 66 hypertensive patients were included in the final analysis. The mean age of the
study population was 64 * 10 years, and 36 participants (55%) were male, reflecting a
predominantly middle-aged to elderly cohort with a substantial burden of cardiometabolic risk
factors. All patients were diagnosed with arterial hypertension, which represented a mandatory

inclusion criterion.

2 METABOLIC BIOMARKERS AND PERIPHERAL & CENTRAL HEMODYNAMICS

2.1 Lipid Biomarkers and Blood Pressure Components

Non-high-density lipoprotein cholesterol (non-HDL-C), which integrates all atherogenic
lipoprotein fractions, showed a robust correlation with diastolic blood pressure (DBP). Importantly,
this relationship remained statistically significant after adjustment for both age and body mass
index, emphasizing the independent contribution of atherogenic lipid burden to diastolic blood

pressure elevation.



Furthermore, rank correlation analysis revealed a significant association between total
cholesterol and mean arterial pressure (MAP) (rho=0.256, p=0.0384), highlighting the role of lipid

metabolism in modulating overall hemodynamic load.

2.2 TyG Index and Blood Pressure Regulation

The triglyceride—glucose (TyG) index, a validated surrogate marker of insulin resistance
calculated as In [TG (mg/dL) x fasting glucose (mg/dL) / 2], showed a significant positive
correlation with DBP (Figure 1), indicating a close metabolic-hemodynamic interplay in

hypertensive patients.

Figure 1. Correlation between diastolic blood pressure (DBP) and the triglyceride-glucose (TyG) index
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2.3 Lipid Balance Index as an Integrative Hemodynamic Marker

The Lipid Balance Index (LBI), a composite biomarker integrating lipid abnormalities and lipid-
lowering therapy, emerged as one of the most informative metabolic indicators in relation to blood

pressure components (Figure 2).



Figure 2. Correlation between systolic blood pressure (SBP) and the Lipid Balance Index (LBI)
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Importantly, the correlation between LBl and SBP remained statistically significant after
adjustment for age and BMI, highlighting its independent predictive value for systolic blood
pressure. Rank correlation analysis further confirmed this relationship, reinforcing the robustness

of the association.
2.4 Summary

These results demonstrate a tight metabolic-hemodynamic coupling in hypertension, wherein
dyslipidemia and insulin resistance significantly influence blood pressure regulation. Non-HDL
cholesterol, TyG index, and especially the Lipid Balance Index emerged as key metabolic
determinants of peripheral hemodynamic load. These observations support the clinical relevance
of integrated metabolic biomarkers in refining cardiovascular risk stratification and optimizing

individualized therapeutic strategies in hypertensive patients.

Il METABOLIC BIOMARKERS AND ARTERIAL STIFFNESS IN HYPERTENSION:
VASCULAR AGING, NAFLD (NON-ALCHOHOLIC FATTY LIVER DISEASE) AND
INTEGRATIVE MODELS

1. LIPID INDICES AS INTEGRATIVE MARKERS OF METABOLIC-VASCULAR CROSSTALK

LI (Lipid Index) is a newly proposed composite score that assesses the overall severity of
dyslipidemia by assigning points for abnormal lipid values, including elevated total cholesterol,
LDL cholesterol, triglycerides, and Castelli Risk Index, as well as low HDL cholesterol, while
subtracting points for protective high HDL levels. It provides an integrated measure of the overall

atherogenic lipid profile.



LBI (Lipid Balance Index) represents the LI adjusted for lipid-lowering treatment by subtracting
the number of lipid-lowering drugs used. It estimates the residual dyslipidemia burden despite
therapy.

The newly proposed composite biomarkers, Lipid Index (LI) and Lipid Balance Index (LBI),
demonstrated significant associations with both insulin resistance and NAFLD, reinforcing their

value as integrative markers of global metabolic burden (Table 1).

Table 1: Pearson’s linear correlations between LI and LBI with pulse wave analysis variables, NAFLD, and IR

Variable LI (r/p) LBI (r/p)
SBP 0.22 (0.071) 0.29 (0.02)
DBP 0.19 (0.12) 0.24 (0.05)
EVA 0.16 (0.19) 0.24 (0.053)
NAFLD 0.34 (0.0048) 0.29 (0.019)
IR 0.29 (0.019) 0.25 (0.041)

As shown in Table 1, LI and LBI correlated significantly with IR and hepatic steatosis, while
LBI also exhibited a strong association with blood pressure variables and a borderline association
with early vascular aging. These findings suggest that composite lipid metrics better capture the
cumulative metabolic insult imposed on the arterial wall than isolated lipid fractions.

By incorporating both pathological lipid patterns and pharmacological modulation, LBI provides
a dynamic assessment of dyslipidemia-related vascular risk and reflects the complex interaction

between lipid metabolism, insulin resistance, hepatic dysfunction, and arterial stiffness.

2. MULTIVARIATE PREDICTORS OF ARTERIAL STIFFNESS AND HEMODYNAMIC
ALTERATIONS

To identify independent metabolic and clinical determinants of arterial stiffness and
hemodynamic parameters, multivariate linear regression analyses were performed using a

stepwise approach (Table 2).



Table 2. Multivariate linear regression models identifying independent determinants of hemodynamic and metabolic

parameters
Dependent | Independent | Multiple R | Rsquare | Adjusted R | 95% Significance
variable variables square Confidence
interval
DBP TC 0.2507 0.06286 0.04822 0.001961to0 | 0.0423
0.1076
DBP LDL>130 0.2816 0.07928 0.06489 0.959% to 0.022
mg/dl 11.9181
DBP LBI 0.2424 0.05875 0.04404 0.0006489 0.0499
to 2.8954
SBP CRIN>45% | 0.2915 0.08496 0.07067 2.1562 to 0.0176
21.7359
SBP LBI 0.2867 0.08222 0.06787 0.4818to 0.0196
5.3349
R LI 0.2888 0.08343 0.06910 0.01054 to 0.0187
0.1118
NAFLD TyG 0.7433 0.5525 0.7433 1.0028 to <0.0001
1.6696
(p<0.0001)
-0.00189 to -
16 0.0006916
(p=0.0001)
NAFLD LI 0.3428 0.1037 0.1037 0.02738 to 0.0048
0.1461
NAFLD R 0.7303 0.5333 0.5260 0.6689 to <0.0001
1.0766
Metabolic PWV 0.2780 0.07726 0.2780 -0.1737to- | 0.0238
syndrome 0.01278




For peripheral hemodynamics, total cholesterol emerged as an independent predictor of
diastolic blood pressure, indicating the influence of overall cholesterol burden on vascular
resistance. In addition, LDL cholesterol >130 mg/dL and the Lipid Balance Index (LBI) were
associated with diastolic blood pressure, although with moderate effect sizes. Systolic blood
pressure was independently predicted by Castelli Risk Index | and LBI, highlighting the
importance of composite lipid measures and integrated dyslipidemia patterns in determining
hemodynamic load. These findings suggest that composite lipid indices provide more relevant

information than isolated lipid fractions in blood pressure regulation.

In terms of metabolic outcomes, the Lipid Index (LI) was identified as an independent
determinant of insulin resistance, reinforcing the close relationship between lipid abnormalities
and impaired glucose metabolism. Nonalcoholic fatty liver disease (NAFLD) or metabolic
dysfunction-associated steatotic liver disease (MASLD), showed strong associations with multiple
metabolic predictors, including TyG index, triglycerides, lipid indices, and insulin resistance,
explaining a substantial proportion of variability. This supports the concept that NAFLD represents
an integrative marker of systemic metabolic dysfunction, driven by the combined effects of

dyslipidemia and insulin resistance.

Pulse wave velocity emerged as an independent determinant of metabolic syndrome,

confirming the bidirectional relationship between metabolic disturbances and arterial stiffness.

Overall, the multivariate analyses demonstrate that dyslipidemia, insulin resistance, and
composite lipid indices are the main independent determinants of vascular and hemodynamic
alterations in hypertension. Compared with isolated lipid parameters, composite markers such as
LI, LBI, and TyG index consistently showed stronger predictive value, reflecting cumulative

metabolic burden and its vascular consequences.

These findings support the use of integrated metabolic profiling in cardiovascular risk
assessment and emphasize the clinical relevance of composite indices in identifying high-risk

phenotypes and guiding personalized management strategies in hypertensive patients.



3. INTEGRATED MODEL OF METABOLIC- VASCULAR CROSSTALK AND CLINICAL
IMPLICATION

The integrated model of metabolic—vascular crosstalk in hypertension, highlighted the complex
and bidirectional interactions between insulin resistance, dyslipidemia, non-alcoholic fatty liver
disease (NAFLD), and arterial stiffness. The findings support the concept of a multidimensional
pathophysiological network underlying accelerated vascular aging and increased cardiovascular

risk.

Within this framework, insulin resistance emerges as the central initiating factor, triggering a
cascade of metabolic disturbances. It promotes atherogenic dyslipidemia characterized by
elevated triglyceride-rich lipoproteins and reduced HDL-cholesterol, leading to endothelial
dysfunction, oxidative stress, and chronic inflammation. These processes drive structural arterial
remodeling, including collagen deposition and elastin degradation, resulting in progressive arterial

stiffening.

At the same time, insulin resistance contributes to ectopic fat accumulation, particularly in the
liver, leading to NAFLD. Hepatic steatosis further amplifies systemic inflammation, oxidative
stress, and dysregulated secretion of metabolic mediators, thereby exacerbating vascular injury.
The strong associations observed between NAFLD, metabolic biomarkers, and arterial stiffness

parameters support its role as a key metabolic—vascular interface.

These mechanisms converge at the vascular level, manifesting as increased arterial stiffness,
elevated pulse wave velocity, and early vascular aging. In turn, arterial stiffening contributes to
increased systolic blood pressure and pulsatile load, promoting microvascular damage and

establishing a self-perpetuating cycle of metabolic and vascular dysfunction.

An important contribution of this study is the demonstration of the superior value of composite
metabolic indices, such as the Lipid Index (L), Lipid Balance Index (LBI), and triglyceride—glucose
(TyG) index, compared with isolated lipid parameters. These indices capture cumulative
metabolic burden and show strong associations with arterial stiffness, blood pressure, insulin
resistance, and NAFLD, supporting their role as integrative tools for cardiovascular risk

assessment.

From a clinical perspective, these findings emphasize the need for a holistic cardiometabolic

approach that extends beyond blood pressure control. The incorporation of simple biomarkers



such as TyG, LI, and LBI into routine evaluation may improve early identification of high-risk
hypertensive phenotypes and support more personalized therapeutic strategies. In addition, the
strong link between NAFLD and vascular dysfunction highlights the importance of screening for

hepatic steatosis in patients with metabolic risk.

Overall, the study supports a shift toward personalized metabolic—vascular medicine, in which
patients are stratified based on integrated metabolic and vascular profiles. This approach enables
earlier intervention, improved risk prediction, and targeted management strategies aimed at

slowing vascular aging and reducing cardiovascular morbidity and mortality.

IV AGE- RELATED DIFFERENCES AND HEMODYNAMIC- METABOLIC
CORRELATIONS

1. AGE-RELATED DIFFERENCES BETWEEN STUDY GROUPS

To evaluate the impact of aging on vascular and metabolic parameters, the study population,
including 76 patients at high or very high cardiovascular risk, was divided into two subgroups:
patients younger than 65 years and patients aged 65 years or older. Elderly patients exhibited
significantly higher PWV values, consistent with progressive arterial stiffening associated with
biological aging. In contrast, younger patients demonstrated higher BMI and TyG values,

suggesting a predominance of metabolic burden and insulin resistance in earlier disease stages.

2. CORRELATION ANALYSIS IN PATIENTS YOUNGER THAN 65 YEARS

In younger patients, significant correlations were observed between DBP and triglycerides

(Figure 3), as well as between DBP and TyG index (Figure 4).



Figure 3. Correlation between DBP and TG in patients younger than 65

DBP

Figure 4. Correlation between DBP and TyG in patients younger than 65

DBP

110
105
100
95
90
85
80
75
70
65

110
105
100
95
90
85
80
75
70

65

r=0.38; P =0.015
n =40

200

400

600
TG

800

I
1000 1200

r=0.38; P =0.016

n=40

45

L
5.0

55

6.0

TyG= In(TGXG)/2

A strong positive correlation between age and PWV was also observed, illustrated in Figure 5,

confirming the evolution of arterial stiffening before the age of 65.

Figure 5. Correlation between Age and PWV in patients younger than 65
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PWV demonstrated a strong association with SCORE2-estimated cardiovascular risk (Figure

6) and remained an independent predictor after adjustment for age.

Figure 6. The correlation between PWV and SCOREZ2 risk in patients younger than 65
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This finding supports the concept that PWV captures dimensions of vascular risk that are not
fully accounted for by chronological aging alone, highlighting its value as an integrative marker of

biological vascular aging.

3. CORRELATION ANALYSIS IN PATIENTS AGED 65 YEARS AND OLDER

Among elderly patients, age remained strongly correlated with PWV (Figure 7), confirming the
cumulative effect of biological aging on arterial structure. However, beyond its close relationship
with chronological age, pulse wave velocity (PWV) also demonstrated an independent association
with SCOREZ2-estimated cardiovascular risk. This observation suggests that PWV reflects
additional dimensions of vascular vulnerability that are not solely attributable to aging, reinforcing

its role as a marker of biological vascular risk rather than a simple surrogate of age.

Figure 7. Correlation between Age and PWV in patients older than 65
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Positive correlations between lipid indices and systolic hemodynamic load were observed.
Lipid Index and Lipid Balance Index were associated with SBP and pulse pressure (PP),
consistent with existing data, linking dyslipidemia to vascular stiffness and endothelial dysfunction

(Figure 8 and Figure 9).

Figure 8. Correlation between Ll and PP in patients older than 65
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Figure 9. Correlation between LBI and SBP in patients older than 65
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4. COMPARATIVE INTERPRETATION OF AGE-STRATIFIED PATTERNS

Across age strata, PWV demonstrated a stable and strong relationship with chronological age,
supporting its role as a marker of vascular aging. However, metabolic-hemodynamic interactions
appeared more pronounced in younger patients, where triglyceride-related markers correlated
with diastolic pressure. In elderly individuals, vascular load shifted toward systolic and pulsatile

components, reflecting cumulative structural arterial changes.



V CONCLUSIONS

This doctoral research investigated the metabolic determinants of arterial stiffness in
hypertensive patients at high cardiovascular risk within an integrated cardiometabolic framework.
By evaluating lipid metabolism, insulin resistance, NAFLD, and pulse wave—derived variables, the
study demonstrates that arterial stiffness reflects cumulative metabolic injury and places vascular

aging within a broader metabolic continuum.

o Arterial stiffness reflects an integrated metabolic—vascular phenotype, strongly influenced
by insulin resistance and triglyceride-dominant dyslipidemia.

¢ A metabolic-hemodynamic coupling was identified: younger individuals showed a
resistance-dominant profile (linked to triglycerides and TyG), while older individuals
exhibited a stiffness-dominant phenotype, supporting age-related vascular transitions.

e Triglyceride-rich profiles were key determinants of arterial stiffness, showing stronger
associations with pulse wave velocity than isolated cholesterol fractions.

o NAFLD emerged as a central metabolic—vascular interface, associated with insulin
resistance, lipid imbalance, and arterial stiffness.

o Composite lipid indices demonstrated superior integrative value compared with individual
lipid fractions and were more closely related to vascular phenotypes.

o PWV reflected biological vascular age rather than chronological age, supporting the
concept of modifiable vascular aging.

e The findings support a pathogenic continuum linking insulin resistance, dyslipidemia,
NAFLD, inflammation, and arterial remodeling.

o Arterial stiffness and hypertension form a self-reinforcing cycle that perpetuates vascular
and metabolic dysfunction.

¢ Incorporating metabolic biomarkers (e.g., TyG, composite lipid indices) may improve early
detection of high-risk phenotypes and enable personalized cardiovascular prevention.

¢ Integrated metabolic profiling and pulse wave analysis provide a practical framework for
precision cardiometabolic medicine.

e Although limited by its cross-sectional design, the study shows coherent metabolic—

vascular associations supporting the proposed model.



VI ORIGINAL CONTRIBUTIONS OF THE THESIS

o Demonstration of a clinically relevant metabolic-hemodynamic coupling in hypertension
linking insulin resistance, triglyceride-rich dyslipidemia, and arterial stiffness within an age-
stratified framework.

o First-time validation of the composite lipid indices: LI and LBI, as integrative biomarkers of
vascular phenotypes that outperform isolated lipid fractions in predicting hemodynamic and
vascular parameters.

o |dentification of triglyceride-dominant metabolic profiles as early drivers of vascular aging.

o Establishment of NAFLD as a key metabolic—vascular interface associated with insulin
resistance, lipid imbalance, and arterial stiffness.

e Evidence that pulse wave velocity, reflecting biological vascular age, remains associated with
cardiovascular risk independently of chronological aging.

e Characterization of age-dependent shifts in vascular physiology, demonstrating a transition
from resistance-dominant to stiffness-dominant hemodynamic patterns.

e Proposal of an integrated metabolic—vascular continuum model explaining reciprocal
amplification of insulin resistance, dyslipidemia, NAFLD, and arterial stiffening.

o Development of a practical framework for integrating metabolic biomarkers with vascular

assessment to support personalized cardiovascular prevention.
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l. CONTEXTUL STIINTIFIC SI OBIECTIVELE CERCETARII

Bolile cardiovasculare raman principala cauza de morbiditate si mortalitate la nivel mondial,
cu o povara in continua crestere, determinata de imbatranirea populatiei, prevalenta tot mai mare
a tulburarilor metabolice si expunerea persistenta la factori de risc modificabili. Desi evaluarea
traditionala a riscului cardiovascular se concentreaza asupra unor factori individuali, precum
hipertensiunea arteriala, dislipidemia, diabetul zaharat si fumatul, tot mai multe dovezi sustin un
model mai complex, in care riscul cardiovascular rezultd din interactiunea dintre factorii

hemodinamici, tulburarile metabolice, structura vasculara si procesele de imbatranire biologica.

Senescenta vasculara este caracterizata prin modificari structurale si functionale progresive
ale peretelui arterial, care conduc la reducerea elasticitatii si la cresterea rigiditatii arteriale.
Conceptul de senescenta vasculara precoce (early vascular aging, EVA) descrie indivizii ale caror
proprietati vasculare sunt similare celor intalnite la persoane de varsta mai inaintata. Rigiditatea
arteriala, evaluata cel mai frecvent prin viteza undei pulsului (pulse wave velocity, PWV), este

recunoscuta ca un predictor robust si independent al morbiditatii si mortalitatii cardiovasculare.

Din perspectiva fiziopatologica, rigiditatea arteriala reprezinta un proces multifactorial, care
implica modificari structurale ale peretelui arterial, disfunctie endoteliala, stres oxidativ, inflamatie
si remodelare a matricei extracelulare. Aceste mecanisme sunt puternic influentate de factorii

metabolici, subliniind relatia strdnsa dintre senescenta vasculara si sanatatea metabolica.

Dislipidemia constituie unul dintre principalii factori implicati in riscul cardiovascular,
colesterolul LDL fiind recunoscut ca un factor cauzal bine stabilit in patogeneza aterosclerozei.
Cu toate acestea, riscul cardiovascular rezidual persista chiar si la indivizii care ating valorile-tinta
recomandate pentru LDL-colesterol, sugerand implicarea unor mecanisme lipidice suplimentare.
In ultimii ani, atentia s-a indreptat tot mai mult asupra lipoproteinelor bogate in trigliceride,
colesterolului non-HDL, apolipoproteinei B si indicilor lipidici compoziti, care pot reflecta mai fidel
mediul aterogen si metabolic asociat rigiditatii arteriale, in special in contextul rezistentei la
insulina.

Raporturile lipidice, precum raportul trigliceride/colesterol HDL, indicele aterogen plasmatic si
indicii Castelli, integreaza informatii referitoare atat la lipoproteinele aterogene, cét si la cele cu
rol protector si s-au dovedit a fi strAns asociate cu rigiditatea arteriala si cu senescenta vasculara
precoce. Cu toate acestea, contributia relativa a parametrilor lipidici individuali la rigiditatea

vasculara si la variabilele derivate din analiza undei pulsului (pulse wave analysis, PWA) raméane



insuficient elucidata, iar influenta varstei asupra acestor relatii nu a fost pe deplin clarificata.
Avand in vedere impactul major al imbatranirii asupra structurii vasculare, functiei endoteliale si
metabolismului lipidic, sunt necesare investigatii suplimentare pentru o mai buna intelegere a

interactiunilor dintre profilul lipidic si sistemul vascular de-a lungul vietii adulte.

Prezenta teza de doctorat porneste de la premisa ca rigiditatea arteriala constituie un marker
integrativ al imbatranirii vasculare, aflata sub influenta factorilor metabolici si hemodinamici. Prin
corelarea datelor din literatura de specialitate cu analize originale privind parametrii lipidici, indicii
derivati din profilul lipidic, rigiditatea arteriala si variabilele obtinute prin PWA, aceasta lucrare isi
propune sa contribuie la o intelegere mai nuantata a interactiunilor metabolic—vasculare

dependente de varsta si a implicatiilor acestora in evaluarea riscului cardiovascular.

Obiectivul general al acestei cercetari doctorale este de a investiga relatia dintre metabolismul
lipidic si rigiditatea arteriala, ca expresie majora a senescentei vasculare, cu accent deosebit pe

asocierile dependente de varsta si pe interactiunea dintre factorii metabolici si cei hemodinamici.

Il BIOMARKERI METABOLICI S| FENOTIPUL HEMODINAMIC iN HIPERTENSIUNE
1.PARTICULARITATILE LOTULUI INCLUS iN STUDIU

Un total de 66 de pacienti hipertensivi au fost inclusi in analiza finala. Varsta medie a populatiei
studiate a fost de 64 + 10 ani, iar 36 de participanti (55%) au fost de sex masculin, definind un lot
format preponderent din pacienti de varstd medie si varstnici, caracterizat printr-o prezenta
semnificativd a factorilor de risc cardiometabolici. Toti pacientii aveau diagnosticul de

hipertensiune arteriala, aceasta reprezentand un criteriu obligatoriu de includere.

2. BIOMARKERI METABOLICI S| HEMODINAMICA PERIFERICA SI CENTRALA

Colesterolul non-HDL, care integreaza totalitatea fractiunilor lipoproteice aterogene, a
prezentat o corelatie robustd cu tensiunea arteriald diastolica (DBP). Important e faptul c3,
aceasta relatie a ramas semnificativa statistic si dupa ajustarea pentru varsta si indicele de masa
corporala, subliniind contributia independentd a incarcaturii lipidice aterogene la cresterea

tensiunii arteriale diastolice.



in plus, analiza corelatiei rangului a evidentiat o asociere semnificativa intre colesterolul total
si tensiunea arteriala medie (MAP) (rho = 0,256; p = 0,0384), sugerand implicarea metabolismului

lipidic in configurarea profilului hemodinamic global.

2.2. Indicele TyG si reglarea tensiunii arteriale

Indicele trigliceride—glucoza (TyG), marker surogat validat al rezistentei la insulina, calculat
dupa formula In [TG (mg/dL) x glicemie a jeun (mg/dL) / 2], a prezentat o corelatie pozitiva
semnificativa cu tensiunea arteriala diastolica (Figura 1), evidentiind interactiunea stransa dintre

componenta metabolica si cea hemodinamica la pacientii hipertensivi.

Figura 1. Corelatia dintre tensiunea arterialé diastolica (DBP) si indicele trigliceride-glucoza (TyG)
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2.3. Indicele de Echilibru Lipidic (LBI) ca marker integrativ al profilului hemodinamic

Indicele de echilibru lipidic (Lipid Balance Index, LBI), biomarker compozit care integreaza
alterarile profilului lipidic si tratamentul hipolipemiant, s-a conturat drept unul dintre cei mai

informativi indicatori metabolici in raport cu componentele tensiunii arteriale (Figura 2).



Figura 2. Corelatia dintre tensiunea arteriala sistolica (SBP) si indicele de echilibru lipidic (LBI)
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Corelatia dintre LBI si tensiunea arteriala sistolica a ramas semnificativa statistic si dupa
ajustarea pentru varsta si indicele de masa corporala, subliniind valoarea sa predictiva
independenta pentru tensiunea arteriald sistolica. Analiza corelatiei rangului a confirmat

suplimentar aceasta relatie, consolidand robustetea asocierii.
2.4. Rezumat

Aceste rezultate evidentiaza existenta unei interactiuni stranse intre componenta metabolica
si cea hemodinamica n hipertensiunea arteriala, in cadrul careia dislipidemia si rezistenta la
insulina influenteaza semnificativ reglarea tensiunii arteriale. Colesterolul non-HDL, indicele TyG
si, in special, indicele de echilibru lipidic (LBI) s-au conturat ca determinanti metabolici importanti
ai incarcarii hemodinamice periferice. Aceste observatii sustin relevanta clinica a biomarkerilor
metabolici integrativi in rafinarea stratificarii riscului cardiovascular si in optimizarea strategiilor

terapeutice individualizate la pacientii hipertensivi.

ll. BIOMARKERI METABOLICI Sl RIGIDITATEA ARTERIALA iN HIPERTENSIUNE:
SENESCENTA VASCULARA, NAFLD (STEATOZA HEPATICA NON-ALCOOLICA) SI
MODELE INTEGRATIVE

1.INDICII LIPIDICI CA MARKERI INTEGRATIVI Al INTERACTIUNII VASCULO-METABOLICE

Indicele Lipidic- LI (Lipid Index) reprezinta un scor compozit elaborat in cadrul prezentei teze,

destinat aprecierii profilului dislipidemic prin cuantificarea principalelor modificari ale profilului



lipidic, incluzédnd cresterea colesterolului total, a colesterolului LDL, a trigliceridelor si a indicelui
de risc Castelli I, precum si scaderea colesterolului HDL, cu ajustarea punctajului in functie de
prezenta unor valori crescute, cu rol protector, ale HDL-colesterolului. Acesta furnizeaza o

evaluare integrata a profilului lipidic aterogen global.

Indicele de Echilibru Lipidic- LBI (Lipid Balance Index) reprezinta varianta ajustata a indicelui
LI in functie de tratamentul hipolipemiant, prin scaderea numarului de clase terapeutice
hipolipemiante utilizate. Acesta permite estimarea gradului rezidual de dezechilibru lipidic, in

pofida terapiei administrate.

Biomarkerii compoziti propusi in cadrul prezentei teze, Lipid Index (LI) si Lipid Balance Index
(LBI), au prezentat asocieri semnificative atat cu insulinorezistenta (IR), cat si cu NAFLD,

sustinand valoarea acestora ca markeri integrativi ai incarcaturii metabolice globale (Tabelul 1).

Tabelul 1. Corelatiile liniare Pearson dintre indicii LI i LBI si variabilele analizei undei pulsului, NAFLD si rezistenta la

insulin
Variabila LI (r/p) LBI (r/p)
SBP 0,22 (0,071) 0,29 (0,02)
DBP 0,19 (0,12) 0,24 (0,05)
EVA 0,16 (0,19) 0,24 (0,053)
NAFLD 0,34 (0,0048) 0,29 (0,019)
IR 0,29 (0,019) 0,25 (0,041)

Asa cum se evidentiaza in Tabelul 1, indicii LI si LBl s-au corelat semnificativ atat cu
insulinorezistenta, cat si cu steatoza hepatica, in timp ce LBI a prezentat suplimentar o asociere
importanta cu variabilele tensionale si o asociere marginal semnificativa cu senesceta vasculara
precoce. Aceste rezultate sugereaza ca indicii lipidici compoziti surprind mai fidel impactul

cumulativ al disfunctiei metabolice asupra peretelui arterial decat fractiunile lipidice izolate.

Prin integrarea atat a patternurilor lipidice patologice, cat si a influentei terapiei farmacologice,
LBI oferd o evaluare dinamica a riscului vascular asociat dislipidemiei si reflecta interactiunea
complexa dintre metabolismul lipidic, rezistenta la insulind, disfunctia hepatica si rigiditatea

arteriala.



2. ANALIZA MULTIVARIATA A DETERMINANTILOR RIGIDITATII ARTERIALE $I Al
ALTERARILOR HEMODINAMICE

Pentru identificarea determinantilor metabolici si clinici independenti ai rigiditatii arteriale si ai
parametrilor hemodinamici, au fost efectuate analize de regresie liniara multivariata, utilizand o

abordare secventiala (Tabelul 2).

Tabelul 2. Modele de regresie liniard multivariata pentru identificarea determinantilor independenti ai parametrilor

hemodinamici si metabolici

Variabile Variabile R multiplu | R patrat R patrat 95% Interval | Semnificatie
dependente | independente ajustat de incredere
DBP CT (Colesterol | 0,2507 0,06286 0,04822 0,001961to | 0,0423
total) 0,1076
DBP LDL>130 0,2816 0,07928 0,06489 0,959 to 0,022
mg/dl 11,9181
DBP LBI 0,2424 0,05875 0,04404 0,0006489 0,0499
t0 2,8954
SBP CRIN>45% | 0,2915 0,08496 0,07067 2,1562 to 0,0176
21,7359
SBP LBI 0,2867 0,08222 0,06787 0,4818 to 0,0196
5,3349
R LI 0,2888 0,08343 0,06910 0,01054 to 0,0187
0,1118
NAFLD TyG 0,7433 0,5525 0,7433 1,0028 to <0,0001
1,6696
(p<0,0001)
-0,00189 to -
TG
0,0006916
(p=0,0001)
NAFLD LI 0,3428 0,1037 0,1037 0,02738 to 0,0048
0,1461




NAFLD R 0,7303 0,6333 0,5260 0,6689 to <0,0001

1,0766
Sindromul PWV 0,2780 0,07726 0,2780 -0,1737to- | 0,0238
metabolic 0,01278

In ceea ce priveste hemodinamica periferica, colesterolul total s-a evidentiat ca predictor
independent al tensiunii arteriale diastolice, sugerand influenta statusului lipidic global asupra
rezistentei vasculare. in plus, valorile LDL-colesterolului >130 mg/dL siindicele de echilibru lipidic
(LBI) s-au asociat cu DBP, insa amplitudinea acestor asocieri a fost moderata. Tensiunea
arteriala sistolica a avut drept determinanti independenti indicele de risc Castelli | si LBI, subliniind
importanta indicilor lipidici compoziti si a patternurilor integrate de dislipidemie in configurarea
incarcarii hemodinamice. Aceste rezultate sugereaza ca indicii lipidici compoziti ofera informatii

mai relevante decat fractiunile lipidice izolate Tn caracterizarea profilului tensional.

In ceea ce priveste parametrii metabolici, Lipid Index (LI) a fost identificat drept determinant
independent al rezistentei la insulind, consolidand relatia stransa dintre alterarile profilului lipidic
si alterarea metabolismului glucidic. Boala hepatica steatozica nonalcoolica [nonalcoholic fatty
liver disease (NAFLD)] sau boala hepatica steatozica asociata disfunctiei metabolice [metabolic
dysfunction-associated steatotic liver disease (MASLD)] a prezentat asocieri puternice cu mai
multi predictori metabolici, incluzand indicele TyG, trigliceridele, indicii lipidici si rezistenta la
insuling, acestia contribuind semnificativ la explicarea variabilitatii acesteia. Aceste rezultate
sustin conceptul conform caruia NAFLD/MASLD constituie un marker integrativ al disfunctiei
metabolice sistemice, determinatd de efectele combinate ale dislipidemiei si rezistentei la

insulina.

PWV s-a evidentiat ca determinant independent al sindromului metabolic, confirmand relatia

bidirectionala dintre disfunctile metabolice si rigiditatea arteriala.

Per ansamblu, analizele multivariate demonstreaza ca dislipidemia, rezistenta la insulina si
indicii lipidici compoziti reprezinta principalii determinanti independenti ai modificarilor vasculare
si hemodinamice in hipertensiunea arteriala. Comparativ cu parametrii lipidici izolati, markerii
compoziti, precum LI, LBI si indicele TyG, au evidentiat in mod constant o valoare predictiva

superioara, reflectand mai fidel incarcatura metabolica cumulativa si consecintele sale vasculare.



Aceste constatari sustin utilitatea unei evaluari metabolice integrate in stratificarea riscului
cardiovascular si evidentiaza relevanta clinica a indicilor compoziti in identificarea fenotipurilor cu

risc inalt si in orientarea strategiilor de management personalizat la pacientii hipertensivi.

3. MODELUL INTEGRAT AL INTERACTIUNII VASCULO-METABOLICE Sl IMPLICATIILE
CLINICE

Modelul integrat al interactiunii vasculo-metabilice in hipertensiunea arteriala a evidentiat
complexitatea si caracterul bidirectional al relatiilor dintre rezistenta la insulina, dislipidemie,
NAFLD si rigiditatea arteriald. Rezultatele sustin conceptul existentei unui continuum
fiziopatologic multidimensional, aflat la baza accelerarii senescentei vasculare si a cresterii

riscului cardiovascular.

In cadrul acestui model, rezistenta la insulind se contureaza ca factorul initiator central,
declansadnd o cascada de alterari metabolice. Aceasta favorizeaza aparitia unei dislipidemii
aterogene, caracterizata prin cresterea lipoproteinelor bogate in trigliceride si scaderea HDL-
colesterolului, cu consecinte precum disfunctia endoteliala, stresul oxidativ si inflamatia cronica.
Aceste procese determina remodelarea structurala a peretelui arterial, incluzand depunerea de

colagen si degradarea elastinei, conducand in final la rigiditate arteriald progresiva.

Concomitent, rezistenta la insulina contribuie la acumularea ectopica de grasime, in special la
nivel hepatic, favorizadnd aparitia NAFLD. Steatoza hepatica amplifica suplimentar inflamatia
sistemica, stresul oxidativ si alterarea secretiei mediatorilor metabolici, agravand astfel afectarea
vasculara. Asocierile puternice observate intre NAFLD, biomarkerii metabolici si parametrii
rigiditatii arteriale sustin rolul acesteia ca interfatd esentiala intre componenta metabolica si cea

vasculara.

Aceste mecanisme converg la nivel vascular, manifestandu-se prin cresterea rigiditatii
arteriale, valori crescute ale PWV si aparitia senescentei vasculare precoce. La randul sau,
rigiditatea arteriald contribuie la cresterea SBP si a incarcarii pulsatile, favorizand afectarea

microvasculara si instituind un cerc vicios de disfunctie metabolica si vasculara.

O contributie importanta a acestui studiu consta in demonstrarea valorii superioare a indicilor
metabolici compoziti, precum Lipid Index (LI), Lipid Balance Index (LBI) si indicele trigliceride—
glucoza (TyG), in comparatie cu parametrii lipidici izolati. Acesti indici surprind incarcatura

metabolica cumulativa si prezinta asocieri puternice cu rigiditatea arteriala, tensiunea arteriala,



rezistenta la insulina si NAFLD, sustinand rolul lor ca instrumente integrative in evaluarea riscului

cardiovascular.

Din punct de vedere clinic, aceste rezultate subliniazd necesitatea unei abordari
cardiometabolice holistice, care sa depaseasca simplul control al tensiunii arteriale. Integrarea
unor biomarkeri simpli, precum TyG, LI si LBI, in evaluarea de rutind poate Tmbunatati
identificarea precoce a fenotipurilor hipertensive cu risc inalt si poate sustine elaborarea unor
strategii terapeutice mai personalizate. Tn plus, legatura stransa dintre NAFLD si disfunctia
vasculara evidentiaza importanta screeningului pentru steatoza hepatica la pacientii cu risc

metabolic.

Per ansamblu, studiul sustine tranzitia catre o medicina vasculo-metabolica personalizata, in
care pacientii sunt stratificati pe baza unui profil integrat metabolic si vascular. Aceasta abordare
permite interventia mai precoce, imbunatatirea predictiei riscului si orientarea unor strategii
terapeutice tintite, menite sa incetineasca senescenta vasculara si sa reduca morbiditatea si

mortalitatea cardiovasculara.
IV. DIFERENTE LEGATE DE VARSTA S| CORELATII HEMODINAMIC-METABOLICE
1.DIFERENTE LEGATE DE VARSTA INTRE GRUPURILE DE STUDIU

Pentru evaluarea impactului imbatréanirii asupra parametrilor vasculari si metabolici, populatia
inclusa in studiu, alcatuitad din 76 de pacienti cu risc cardiovascular inalt sau foarte inalt, a fost
impartita Tn doua subgrupuri: pacienti cu varsta sub 65 de ani si pacienti cu varsta de 65 de ani
sau peste. Pacientii varstnici au prezentat valori semnificativ mai mari ale vitezei undei pulsului,
in concordanta cu evolutia rigiditatii arteriale asociata imbatranirii biologice. In schimb, pacientii
mai tineri au prezentat valori mai mari ale indicelui de masa corporala si ale indicelui TyG,
sugerand predominanta incarcaturii metabolice si a rezistentei la insulina in stadiile mai precoce

ale bolii.

2. ANALIZA CORELATIILOR LA PACIENTII CU VARSTA SUB 65 DE ANI

La pacientii mai tineri, au fost evidentiate corelatii semnificative intre DBP si trigliceride (Figura

3), precum si intre DBP si indicele TyG (Figura 4).



Figura 3. Corelatia dintre tensiunea arterialé diastolica (DBP) si trigliceride la pacientii cu varsta sub 65 de ani
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Figura 4. Corelatia dintre tensiunea arteriala diastolica si indicele TyG la pacientii cu varsta sub 65 de ani
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De asemenea, a fost evidentiata o corelatie pozitiva puternica intre varsta si PWV, ilustrata in

Figura 5, confirmand evolutia rigiditatii arteriale inaintea varstei de 65 de ani.

Figura 5. Corelatia dintre varsta si viteza undei pulsului la pacientii cu varsta sub 65 de ani
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Viteza undei pulsului a prezentat o asociere puternica cu riscul cardiovascular estimat prin

SCORE2 (Figura 6) si a ramas un predictor independent chiar si dupa ajustarea pentru varsta.



Figura 6. Corelatia dintre viteza undei pulsului si riscul SCORE2 la pacientii cu varsta sub 65 de ani
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Acest rezultat sustine conceptul conform caruia viteza undei pulsului surprinde dimensiuni ale
riscului vascular care nu sunt pe deplin explicate doar prin varsta cronologica, subliniind valoarea

sa ca marker integrativ al imbatranirii vasculare biologice.
3. ANALIZA CORELATIILOR LA PACIENTII CU VARSTA DE 65 DE ANI S| PESTE

La pacientii varstnici, varsta a ramas puternic corelata cu PWVV (Figura 7), confirmand efectul
cumulativ al imbatranirii biologice asupra structurii arteriale. Cu toate acestea, dincolo de relatia
sa stransa cu varsta cronologica, PWV a evidentiat si o asociere independenta cu riscul
cardiovascular estimat prin SCOREZ2. Aceasta observatie sugereaza ca PWV reflecta dimensiuni
suplimentare ale vulnerabilitatii vasculare, care nu pot fi atribuite exclusiv procesului de
imbatranire, consolidand rolul sau de marker al riscului vascular biologic, si nu doar de surogat al

varstei.

Figura 7. Corelatia dintre varsta si viteza undei pulsului la pacientii cu varsta de 65 de ani si peste
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Au fost identificate asocieri pozitive intre indicii lipidici si parametrii incarcarii hemodinamice
sistolice. Atat LI, cat si LBI s-au corelat cu SBP si PP, conform datelor existente, care sustin rolul

dislipidemiei in rigiditatea vasculara si in aparitia disfunctiei endoteliale (Figurile 8 si 9).

Figura 8. Corelatia dintre Indicele Lipidic (L) si presiunea pulsului (PP) la pacientii cu vérsta de 65 de ani si peste
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Figura 9. Corelatia dintre Indicele de Echilibru Lipidic (LBI) si SBP la pacientii cu vérsta de 65 de ani si peste
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4. INTERPRETAREA COMPARATIVA A PARTICULARITATILOR iN FUNCTIE DE GRUPELE
DE VARSTA

In contextul categoriilor de varsta analizate, PWV a prezentat o relatie constanta si puternica
cu varsta cronologica, sustindnd valoarea sa ca marker al imbatranirii vasculare. Cu toate
acestea, interactiunile hemodinamico-metabolice s-au conturat mai evident la pacientii mai tineri,
la care markerii asociati metabolismului trigliceridelor s-au corelat cu TAD. La pacientii varstnici,
afectarea vasculara a fost datorata predominant componentelor sistolice si pulsatile, reflectand

caracterul cumulativ al modificarilor structurale arteriale.



V. CONCLUZII

Aceasta teza doctoralad a investigat determinantii metabolici ai rigiditatii arteriale la pacienti
hipertensivi cu risc cardiovascular inalt, in cadrul unui model cardiometabolic integrat. Prin
evaluarea metabolismului lipidic, a rezistentei la insulina, a NAFLD si a variabilelor derivate din
analiza undei pulsului, studiul demonstreaza ca rigiditatea arteriala reflecta efectul cumulativ al
agresiunii metabolice si situeaza imbatranirea vasculara in contextul unui continuum metabolic

mai larg.

* Rigiditatea arteriala exprima un fenotip vasculo-metabolic integrat, aflat sub influenta majora a
insulinorezistentei si a dislipidemiei caracterizate prin predominanta fractiunilor bogate in

trigliceride.

+ A fost evidentiat un model de interactiune metabolic-hemodinamica dependent de varsta: la
pacientii mai tineri a predominat un profil caracterizat prin componenta de rezistenta vasculara,
asociat trigliceridelor si indicelui TyG, in timp ce la cei varstnici s-a conturat un fenotip dominat
de rigiditatea arteriala, sugeradnd existenta unor tranzitii vasculare legate de procesul de

imbatranire.

+ Profilurile metabolice caracterizate prin predominanta fractiunilor bogate in trigliceride s-au
evidentiat ca determinanti importanti ai rigiditatii arteriale, prezentand asocieri mai puternice cu

viteza undei pulsului decét fractiunile bogate doar in colesterol.

* NAFLD s-a evidentiat ca un element central al interactiunii metabolic—vasculare, fiind asociata

cu rezistenta la insulina, alterarea profilului lipidic si rigiditatea arteriala.

* Indicii lipidici compoziti au demonstrat o capacitate integrativa superioard comparativ cu

fractiunile lipidice individuale, prezentand asocieri mai stranse cu diferitele fenotipuri vasculare.

« Viteza undei pulsului s-a conturat ca un marker mai fidel al varstei vasculare biologice decéat al

vérstei cronologice, sustinand conceptul unei imbatraniri vasculare potential reversibile.

* Rezultatele sustin existenta unui continuum patogenic care leaga insulinorezistenta,

dislipidemia, NAFLD, inflamatia si remodelarea arteriala.



* Rigiditatea arteriala si hipertensiunea arteriala alcatuiesc un cerc vicios autointretinut, care

favorizeaza persistenta disfunctiei vasculare si metabolice.

* Integrarea biomarkerilor metabolici, precum indicele TyG si indicii lipidici compoziti, poate
imbunatati identificarea precoce a fenotipurilor cu risc nalt si poate facilita implementarea unor

masuri de preventie cardiovasculara personalizata.

+ Evaluarea integrata a profilului metabolic si analiza undei pulsului ofera un cadru practic pentru

dezvoltarea medicinii cardiometabolice de precizie.

* Desi limitat de designul sau transversal, studiul evidentiaza asocieri vasculo-metabolice

coerente, care sustin modelul propus.

VI. CONTRIBUTIILE ORIGINALE ALE TEZEI

* Evidentierea unei interactiuni hemodinamico-metabolice cu relevanta clinica in hipertensiunea
arterialda, care integreaza insulinorezistenta, dislipidemia cu predominanta fractiunilor bogate Tn

trigliceride si rigiditatea arteriald, intr-un model de analiza stratificat in functie de varsta.

+ Validarea, pentru prima data, a indicilor lipidici compoziti LI si LBI ca biomarkeri integrativi ai
fenotipurilor vasculare, superiori fractiunilor lipidice izolate in identificarea parametrilor

hemodinamici si vasculari.

+ Identificarea profilurilor metabolice caracterizate prin predominanta fractiunilor bogate in

trigliceride ca factori implicati precoce in initierea procesului de imbatranire vasculara.

+ Conturarea rolului NAFLD ca element central al interactiunii vasculo-metabolice, Tn asociere cu

rezistenta la insulind, alterarea profilului lipidic si rigiditatea arteriala.

* Demonstratea faptului ca viteza undei pulsului, reflectand varsta vasculara biologica, isi mentine

asocierea cu riscul cardiovascular independent de varsta cronologica.

+ Caracterizarea modificarilor dependente de varsta ale fiziologiei vasculare, evidentiind tranzitia
de la un profil hemodinamic dominat de componenta de rezistenta la unul dominat de rigiditatea

arteriala.



* Propunerea unui model integrat de continuum metabolic—vascular, capabil sa explice

amplificarea reciproca a rezistentei la insulina, dislipidemiei, NAFLD si rigidizarii arteriale.

* Elaborarea unui cadru practic pentru integrarea biomarkerilor metabolici in evaluarea vasculara,

in vederea sustinerii unei preventii cardiovasculare personalizate.
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