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ABSTRACT

INTRODUCTION

The global escalation of obesity and diet-related metabolic disorders represents one of
the most significant public health challenges of the twenty-first century, reshaping the
epidemiological landscape of both gastrointestinal and cardiometabolic disease. Over recent
decades, dietary environments have undergone a profound transformation driven by
urbanization, industrialization of food systems, and the widespread availability of ultra-
processed foods. This transition has progressively displaced traditional dietary patterns in
favor of energy-dense, fiber-depleted, and additive-rich Western-type diets, with important
consequences for population health.

At a global level, the burden associated with these changes is substantial. The Global
Burden of Disease Study 2019 identified dietary risks among the leading contributors to
disability-adjusted life years worldwide, with gastrointestinal conditions representing a
significant component of this burden. Inflammatory bowel disease incidence has increased
markedly in newly industrialized regions, paralleling dietary westernization, while high-
prevalence countries now face a stage of accumulating chronic disease. In parallel, the global
burden of metabolic disorders continues to rise, with hundreds of millions of adults affected by
diabetes and projections indicating further growth in the coming decades.

Importantly, the metabolic consequences of these dietary patterns are not limited to
individuals with overt obesity. Increasing evidence demonstrates that metabolically adverse
phenotypes, including insulin resistance, dyslipidemia, and impaired glucose regulation, can
occur even in individuals with normal body mass index. This observation challenges the
reliance on anthropometric measures alone and highlights the need to consider dietary quality
and metabolic function more directly. Emerging data further suggest that these alterations may
develop early in life, including in young and apparently healthy populations, positioning early
adulthood as a critical window during which dietary behaviors can influence long-term
metabolic trajectories.

Beyond metabolic effects, dietary patterns exert a central influence on gastrointestinal
homeostasis through their interaction with the gut microbiome, epithelial barrier integrity,
immune regulation, and neurogenetic signaling. Western dietary exposures promote a
characteristic dysbiotic profile, marked by depletion of short-chain fatty acid (SCFA)-producing
taxa and enrichment of pro-inflammatory microorganisms. These changes are associated with
impaired barrier function, increased endotoxin translocation, and activation of inflammatory
signaling pathways. These mechanisms link dietary patterns to a wide spectrum of
gastrointestinal conditions, from inflammatory bowel disease and disorders of gut-—brain
interaction to celiac disease and upper gastrointestinal disorders.

Within this context, important gaps remain in understanding how dietary exposures,
microbiome dynamics, and clinical outcomes interact across different stages of disease and
across diverse populations. Existing evidence is often fragmented, with limited integration
between epidemiological observations, clinical phenotyping, and microbiome-based
interventions. The present thesis addresses this gap through a translational approach that
integrates biological, clinical, and interventional perspectives, aiming to explore the impact of
dietary patterns on metabolic and gastrointestinal outcomes, to characterize the clinical
expression of diet-related disorders, and to evaluate the potential of microbiome-targeted,
personalized strategies in inflammatory disease.



The thesis is structured as a coherent methodological continuum reflecting the
progression from conceptual synthesis to observational research and ultimately to molecular
and interventional analysis. The general part integrates current evidence from a structured
literature review of 1,486 records, synthesizing epidemiological, biological, and clinical data
into a unified conceptual framework. The special part comprises three original studies that
progressively explore the diet—-microbiome—disease axis: from early metabolic risk assessment
in healthy young adults, through clinical characterization of functional gastrointestinal
disorders, to precision microbiome-based intervention in refractory inflammatory disease. This
translational design enables linking population-level findings to personalized interventions,
highlighting the central role of both diet and the microbiome in gastrointestinal and metabolic
health.

CHAPTER 1: DIETARY PATTERNS AS DETERMINANTS OF GASTROINTESTINAL
HEALTH

This chapter establishes the theoretical foundation of the thesis through a structured
narrative review. Over the past decade, gastroenterology has undergone a fundamental
conceptual transition: diet has been reconfigured from a simple contextual lifestyle factor into a
biological exposure with causal relevance and clinical actionability. This paradigm shift has
been facilitated by the convergence of evidence from multi-omics technologies, large
prospective cohorts, and biological studies demonstrating that food constituents can reshape
epithelial signaling, immune regulation, and gut microbial ecology.

The chapter reviews the epidemiological burden of gastrointestinal diseases in the
context of dietary exposures. Inflammatory bowel disease provides one of the strongest
epidemiological arguments for dietary involvement: in the UK Biobank (over 500,000
participants), adherence to the Alternative Mediterranean Diet was associated with reduced
Crohn’s disease risk (HR 0.58; 95% CI 0.42-0.80), partially mediated by anti-inflammatory
biomarker pathways. A 2025 systematic review and meta-analysis encompassing over 2
million participants confirmed increased risk with inflammatory dietary patterns and ultra-
processed foods, and protective effects of fiber and Mediterranean patterns, particularly for
Crohn’s disease, while findings for ulcerative colitis remained more heterogeneous.

The epidemiological model for IBD is contextualized through a four-stage framework
(emergence, acceleration, compounding prevalence, stabilization), with many Western regions
currently in the compounding phase where prevalence rises due to chronic disease duration,
potentially exceeding 1% of the population. The chapter also addresses irritable bowel
syndrome (IBS), where prevalence varies significantly depending on diagnostic criteria (Rome
lll: ~9%; Rome IV: ~4%), and the low-FODMAP diet has the strongest evidence base among
dietary strategies. Celiac disease represents a distinct paradigm of immune-mediated
enteropathy triggered by gluten in genetically susceptible hosts. Upper gastrointestinal
disorders, including peptic ulcer disease and chronic gastritis, are also reviewed in terms of
dietary associations.

The Western dietary pattern is characterized by high intake of ultra-processed foods,
refined carbohydrates, saturated/trans fats, red/processed meat, and added sugars, with low
intake of fiber-rich plant foods. Ultra-processed foods can contribute 50-60% of total energy
intake in highly industrialized environments and are linked to IBD risk through microbiome
disruption, increased permeability, and activation of innate immunity. Biologically, Western
dietary exposure promotes a characteristic pattern of dysbiosis marked by reduced microbial
diversity, depletion of barrier-supporting taxa such as Akkermansia muciniphila and
Faecalibacterium prausnitzii, and enrichment of pro-inflammatory pathobionts. Postprandial
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metabolic endotoxemia provides a key biological link, whereby high-fat meals amplify
lipopolysaccharide translocation and activate TLR4—-MyD88—-NF-kB inflammatory cascades.

The chapter also establishes the bidirectionality of the diet—gastrointestinal disease
relationship and introduces precision nutrition as an emerging paradigm. Evidence of strong
inter-individual variation in metabolic responses to identical foods and the ability of machine
learning models incorporating microbiome and lifestyle variables to improve prediction have
encouraged translation in gastrointestinal contexts, although limitations persist including
training bias towards Western populations, uncertain generalizability, and incomplete
validation.

Specifically, the relationship between diet and gastrointestinal disease is not
unidirectional. Gl disorders reshape dietary exposure by altering food tolerance, digestion,
absorption, motility, and host-microbiome interactions. In celiac disease, villous atrophy affects
nutrient absorption and can secondarily alter microbial ecology; in IBS, visceral
hypersensitivity and symptom anticipation frequently narrow food variety and promote
avoidance eating patterns; and in IBD, active inflammation, bile acid malabsorption, intestinal
resections, and pharmacological therapies can alter nutrient manipulation and tolerance to
fiber, fat, and fermentable substrates. Conversely, habitual dietary patterns influence disease
initiation and progression by modulating epithelial barrier integrity, immune activation, oxidative
stress, bile acid metabolism, and microbiome-derived metabolites.

The emergence of precision nutrition represents a transformative development in
nutritional gastroenterology. Commercial platforms now provide microbiome-informed dietary
guidance, and early data suggest that signatures of the underlying microbiome may predict
response to diets such as the low-FODMAP in IBS, and that individualized fiber prescribing
strategies calibrated to microbiome capacity could become relevant for maintaining 1BD
remission. However, precision nutrition remains constrained by technical and practical barriers:
current models explain only a limited proportion of response variability, microbiome
composition is temporally dynamic, dietary intake assessment remains imperfect even with
digital tools, and implementation requires infrastructure rarely available in routine care, raising
concerns about cost, fairness, data privacy, and algorithmic bias.

CHAPTER 2: MOLECULAR MECHANISMS AND CLINICAL IMPLICATIONS OF DIET
MICROBIOME INTERACTIONS

This chapter provides a detailed biological examination of the pathways through which
dietary patterns influence gastrointestinal disease. Diet modulates disease risk through
epigenetic programming (DNA methylation, histone modifications, non-coding RNAs) and
activation of key signaling pathways. Epigenetic mechanisms provide a molecular interface
between diet-derived inputs and durable states of gene expression, with epigenome-level
association studies identifying differentially methylated regions in IBD enriched in genes
related to immune regulation and barrier integrity.

Butyrate constitutes the clearest biological bridge between dietary fiber, microbiome
activity, and chromatin remodeling: as a potent histone deacetylase (HDAC) inhibitor, it
increases histone acetylation at loci governing barrier integrity and regulatory immune
programs while suppressing NF-kB-dependent inflammatory networks. A key therapeutic
implication is the Foxp3/Treg axis: butyrate promotes Foxp3 expression through increased
acetylation at promoter/enhancer regions and acts indirectly through GPR109A to support
regulatory immune phenotypes. At the signaling level, NF-kB and MAPK function as central
integrating nodes, while PPAR-y functions as a diet-responsive anti-inflammatory nuclear
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receptor activated by components of the Mediterranean pattern (oleic acid, omega-3 PUFAs,
polyphenols).

Five dietary patterns are comparatively analyzed along a continuum from pro-
inflammatory to anti-inflammatory exposures: the Western diet, Mediterranean diet, low-
FODMAP diet, plant-based diets, and the gluten-free diet. The Mediterranean dietary pattern
consistently represents a sustainable anti-inflammatory framework associated with enrichment
of SCFA-producing taxa, reductions in systemic inflammatory markers, and improved
outcomes in IBD and functional disorders. The low-FODMAP diet is supported as the most
evidence-based dietary approach for IBS (response rates 50-80%), though long-term
restriction requires structured reintroduction to prevent microbial depletion. Plant-based
patterns are associated with increased microbial diversity and enrichment of fiber-degrading
taxa, while the gluten-free diet remains essential for celiac disease management.

The chapter also reviews the pathophysiological and clinical impact of dietary patterns
on specific gastrointestinal conditions, including celiac disease, IBS, Crohn’s disease,
ulcerative colitis, H. pylori gastritis, peptic ulcer disease, and lactose intolerance. Microbiome-
targeted interventions (probiotics, prebiotics, synbiotics, postbiotics) are positioned as
adjuvants to dietary therapy, with the UC-Crohn’s divergence in probiotic response identified
as one of the most consistent and clinically important findings in the field. Three pragmatic
conclusions emerge: specificity of the strain/substrate/component is non-negotiable; the UC—
Crohn’s divergence must be explicitly communicated; and postbiotics represent a promising
translational extension requiring larger-scale clinical validation.

Finally, the chapter addresses methodological limitations and future directions, including
the absence of true placebo control in dietary trials, reliance on self-reported dietary data,
heterogeneity of study designs, and the confounding influence of acid-suppressant
medications. The marked inter-individual variability in dietary responses and the emergence of
precision nutrition as a necessary translational direction are emphasized, with the
acknowledgment that current predictive models explain only a modest proportion of response
variability.

An additional biomolecular dimension addressed in this chapter involves modulation of
epithelial junctional integrity. The intestinal barrier is maintained by coordinated interactions
between tight junction proteins (occludin, claudins, zonula occludens proteins) and adherent
junction components such as E-cadherin and B-catenin. Western-type dietary patterns, rich in
saturated fats and oxidized cholesterol derivatives (oxysterols), promote oxidative stress, alter
membrane lipid composition, and activate inflammatory signaling pathways, disrupting tight
junction architecture and facilitating translocation of luminal microbial products. In contrast,
polyphenols abundant in plant-forward diets improve expression and localization of tight
junction proteins, reduce oxidative stress, and modulate microbiome-derived metabolites,
providing a biological link between dietary composition and epithelial permeability.

The observational and clinical implications emerging from the narrative synthesis are
significant. Within GI conditions, dietary patterns, rather than isolated nutrients, emerge as the
most clinically significant intervention unit. The Mediterranean dietary pattern consistently
represents a sustainable anti-inflammatory framework, while Western dietary patterns are
repeatedly associated with dysbiosis, barrier dysfunction, and increased inflammatory risk.
From a clinical perspective, these findings underscore the need to integrate dietary
assessment and counseling into routine gastroenterological care with a rigor comparable to
pharmacological management. Nutritional adequacy should be actively monitored whenever
dietary restriction is imposed: the gluten-free diet requires planned replacement of fiber and
micronutrients; the low-FODMAP diet requires structured reintroduction to prevent microbial
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depletion; and dairy restriction requires assessment of calcium and vitamin D adequacy.
Collaboration with dietitians specialized in gastroenterology should be considered standard
practice for complex dietary interventions.

CHAPTER 3: PURPOSE AND OBJECTIVES OF THE RESEARCH

The general part of the thesis integrated 148 publications from a structured literature
search of 1,486 records across PubMed/MEDLINE, Scopus, and Web of Science databases.
Several key conclusions directly informed the original research: the primacy of dietary patterns
over isolated nutrients; the central role of the microbiome and SCFA-mediated pathways; the
pro-inflammatory impact of Western dietary exposures; and the need for personalized
approaches given pronounced inter-individual variability.

The main purpose of the thesis is to systematically evaluate the impact of dietary
patterns and lifestyle factors on gastrointestinal health and gut microbiome composition across
a broad population spectrum, ranging from young, apparently healthy individuals to patients
with established gastrointestinal pathology. The research follows a translational approach
encompassing three interconnected levels of investigation, each corresponding to a specific
objective:

Objective 1: To evaluate the association between dietary patterns, including food
choices and cooking methods, and early metabolic risk markers in a population of 693
Romanian university students, using glycated hemoglobin (HbA1c), lipid profile, and
prediabetes prevalence as primary outcomes.

Objective 2: To analyze the relationship between dietary behaviors, gastrointestinal
symptoms, and neurovegetative manifestations in patients with disorders of gut-brain
interaction, using a case—control design derived from 194 consecutive patients.

Objective 3: To characterize the gut microbiome in patients with refractory inflammatory
bowel disease (n = 358) and to evaluate the effects of a personalized microbiome modulation
program guided by artificial intelligence and multi-omics integration.

Methodologically, the thesis integrates classical epidemiological tools (structured dietary
questionnaires, validated diagnostic criteria, biochemical markers) with advanced molecular
and computational approaches (shotgun metagenomic sequencing, Al-based multi-omics
integration). This combined strategy reflects the need to bridge population-level observations
with detailed, individualized characterization of the gut microbiome. The translational
continuum progresses from a cross-sectional study in healthy young adults, to clinical
phenotyping of functional gastrointestinal disorders, to precision microbiome-based
intervention in established inflammatory disease.

The conceptual rationale connecting these three studies is grounded in several key
conclusions from the literature synthesis. First, the primacy of dietary patterns over isolated
nutrients as clinically relevant exposures. Second, the central role of microbiome-derived
metabolites, particularly SCFAs, in mediating the relationship between diet and gastrointestinal
outcomes. Third, the pro-inflammatory impact of Western dietary exposures operating through
dysbiosis, barrier dysfunction, and metabolic endotoxemia. Fourth, the pronounced inter-
individual variability in dietary responses that limits the validity of uniform dietary
recommendations and supports the development of precision nutrition approaches. Together,
these conclusions directly underpin the objectives, study populations, and methodological
choices of the three original investigations.
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CHAPTER 4: INFLUENCE OF DIETARY PATTERNS AND FOOD PREPARATION ON
PREDIABETES RISK AMONG ROMANIAN UNIVERSITY STUDENTS

4.1. Study Context and Methods

Type 2 diabetes mellitus represents one of the most significant global health burdens,
with global prevalence projected to reach 783.2 million by 2045. Prediabetes represents a
critical prevention window, as structured lifestyle interventions can meaningfully reduce
progression to overt diabetes. Young adulthood is a particularly important period, as lifestyle
habits established during this stage may influence long-term metabolic trajectories, and
cardiometabolic risk may not be fully captured by BMI alone.

This cross-sectional study enrolled 693 students (402 females, 291 males; mean age
20.8 £ 1.4 years; mean BMI 23.96 + 3.86 kg/m?) at the Victor Babes University of Medicine
and Pharmacy, Timisoara. Data were collected via structured online questionnaire assessing
dietary habits, food preferences, and cooking practices. Anthropometric and biochemical
measures included BMI, HbA1c, total cholesterol, LDL-C, HDL-C, and triglycerides.
Prediabetes was defined as HbA1c 5.7-6.4% (ADA criteria). Statistical methods included K-
means cluster analysis, binary logistic regression, multivariable linear regression, dose—
response analysis, mediation analysis (5,000 bootstrap iterations), ROC curve analysis,
stratified interaction analyses, and sensitivity analyses excluding diabetic participants.

4.2. Results

Overall prediabetes prevalence was 21.1% (n = 146), with 1.4% classified as having
diabetes. The mean HbA1c was 5.34 + 0.48%. K-means cluster analysis identified three
dietary patterns: Health-Conscious (n = 272, 39.2%; prediabetes 15.4%), characterized by low
fast-food consumption, predominant boiling, and high fruit/vegetable intake; Mixed Pattern (n =
150, 21.6%; prediabetes 20.0%), with moderate fast-food intake and baking/grilling; and Fast-
Food Oriented (n = 271, 39.1%; prediabetes 27.3%), characterized by frequent fast-food
consumption, predominant frying, and low fruit/vegetable intake. Prediabetes prevalence
differed significantly across dietary clusters (x> = 11.62, p = 0.003).

High-temperature cooking methods (frying, grilling) were associated with higher HbA1c
levels compared with boiling (ANOVA, p = 0.0155). In binary logistic regression, each unit
increase in fast-food consumption score was associated with a 78% increase in prediabetes
odds (OR = 1.78, 95% CI: 1.38-2.30, p < 0.001), independent of BMI, sex, and age. BMI was
also positively associated with prediabetes (OR = 1.10, p < 0.001). A clear dose—response
relationship was observed: mean HbA1c increased from 5.09% (non-consumers) to 5.58% (=3
times/week), with prediabetes prevalence rising from 0% to 36.7% (Cochran—Armitage Z =
4.579, p <0.001).

In multivariable linear regression (F = 25.25, p < 0.001; R? = 0.181), fast-food frequency
(B =0.147, p < 0.001), BMI (B = 0.035, p < 0.001), and fruit/'vegetable intake (8 = -0.109, p <
0.001) were independently associated with HbA1c. Mediation analysis demonstrated that the
indirect effect through BMI was negligible (0.4% of total effect; 95% CI: —-0.012 to 0.014),
indicating that the fast-food—HbA1c association operates through pathways independent of
adiposity, potentially involving glycemic load, food-processing characteristics, advanced
glycation end-products, or dietary additives.

Stratified analyses confirmed consistency of associations across sex and BMI
categories. In normal-weight individuals, the Fast-Food Oriented cluster still exhibited
substantial prediabetes prevalence (22.7%), supporting the concept of the metabolically
unhealthy normal-weight phenotype. An interaction between frying and fast-food consumption
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revealed a ceiling effect: among frying users, HbA1c was already elevated irrespective of fast-
food intake, while among non-frying users, high fast-food consumption produced a more
pronounced HbA1c increase. Lipid analyses showed that BMI was the dominant predictor of
lipid parameters, while fast-food frequency was independently associated with triglycerides (3
= 3.57, p = 0.034) and male sex with lower HDL-C (B = -10.04, p < 0.001). The TG/HDL ratio
indicated substantial subclinical cardiometabolic vulnerability, with 42.7% exceeding the 2.0
threshold. Sensitivity analyses excluding participants with HbA1c 26.5% confirmed robustness
of all primary findings.

4.3. Conclusions

This study identified significant associations between unfavorable dietary patterns and
elevated glycemic risk markers among Romanian university students. The dose-response
relationship between fast-food consumption and HbA1c, the independence from BMI in
mediation analysis, and the ceiling effect interaction between frying and fast-food exposure
provide novel evidence on dietary risk mechanisms in young adults. Normal-weight students
with fast-food-oriented patterns exhibited substantial prediabetes prevalence, challenging the
reliance on anthropometric screening alone. From a public health perspective, relatively simple
targets, reducing fast-food frequency, increasing fruit and vegetable intake, and lowering
reliance on high-heat frying, may shift HbA1c at the population level. This is the first study to
examine the combined effects of dietary patterns and cooking methods on prediabetes risk
among Romanian university students.

The overall prediabetes prevalence of 21.1% is noteworthy for a university-based young
adult sample, exceeding estimates reported in some European university populations and
resembling figures from populations undergoing rapid nutritional transition. These findings
situate the results within the broader context of dietary and lifestyle transitions in Eastern and
Central Europe, where increasing availability of convenience and ultra-processed foods may
be reshaping metabolic risk profiles at younger ages. The persistence of fast-food associations
after BMI adjustment suggests that dietary exposures influence glucose regulation through
alternative mechanisms, including glycemic load, food-processing characteristics, formation of
advanced glycation end-products during high-temperature cooking, and metabolic responses
to dietary additives that may affect gut microbiota composition and inflammatory pathways.

Emerging evidence also implicates the microbiota—gut—brain axis as a potential
pathway linking dietary patterns with metabolic and neurobehavioral outcomes. Diets rich in
ultra-processed foods and low in dietary fiber may alter gut microbial composition, disrupt
microbial metabolite production, and promote systemic inflammation, processes that may
impair insulin signaling and glucose regulation. The weaker dietary associations observed for
lipid parameters compared with glycemic markers may indicate that early dietary perturbations
in young adults are first reflected in glucose regulation, with lipid abnormalities potentially
emerging later in the trajectory of metabolic dysfunction.
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CHAPTER 5: DIETARY BEHAVIORS AND THEIR RELATIONSHIP WITH DIGESTIVE AND
NEUROVEGETATIVE SYMPTOM PATTERNS

5.1. Study Context and Methods

Disorders of Gut-Brain Interaction (DGBIs), with irritable bowel syndrome as their
clinical archetype, represent a significant global health concern. Meta-analyses applying Rome
IV criteria place global IBS prevalence between 4% and 17%, yet these figures represent only
the tip of a much larger symptomatic iceberg. Diagnostic delays are common, with many
patients waiting over a year for diagnosis. The clinical manifestations extend far beyond the
gut: patients frequently report extra-intestinal symptoms such as fatigue, headaches, and
autonomic disturbances, which are manifestations of a dysregulated gut—brain axis operating
through vagal afferents, the hypothalamic—pituitary—adrenal axis, and the enteric microbiota.

This study was conducted at the Gastroenterology and Hepatology Clinic, County
Emergency Hospital “Pius Brinzeu,” Timisoara. Of 194 initially screened adults, 58 were
excluded, yielding a final analytical sample of 136 participants (mean age 68.70 + 12.94 years;
mean BMI 25.36 + 5.36 kg/m?). A rigorous case—control design was implemented: 52 patients
with active functional DGBI phenotype (cases) versus 84 subjects without functional
gastrointestinal symptoms or organic disease (controls). Symptom assessment encompassed
both gastrointestinal transit symptoms (constipation, diarrhea, bloating, abdominal pain,
nausea, early satiety) and neuro-vegetative manifestations (sweating, palpitations, dizziness,
exhaustion). Eating behaviors assessed included fast eating, distracted eating, irregular meals,
and snacking. Statistical analyses included Chi-square/Fisher’s exact tests, Welch’s t-test,
multivariable logistic regression, Bonferroni and Benjamini-Hochberg corrections, and
sensitivity analyses excluding CRP > 10 mg/L.

5.2. Results

The Symptomatic Iceberg: While only 4.4% (n = 6; 95% CI: 2.0-9.3%) of participants
had a formally documented IBS diagnosis, 47.8% (n = 65; 95% CI: 39.6-56.1%) fulfilled
criteria for the broader IBS-compatible symptom cluster, yielding an underdiagnosis ratio of
10.8, for every formally diagnosed patient, approximately eleven others experienced a
comparable symptom burden without recognition. This gap reflects a clinically relevant
disconnect between patient experience and diagnostic labeling.

Neuro-vegetative symptoms predominated over classical transit complaints: sweating
(19.1%; 95% CI: 13.4-26.5%), palpitations (14.0%; 95% CI: 9.1-20.8%), and dizziness
(11.8%; 95% CI: 7.4-18.3%) were more prevalent than any individual gastrointestinal transit
disorder. Bloating was the most common transit symptom (11.8%), followed by constipation
(10.3%). Constipation showed a 4:1 predominance over diarrhea (11.8% vs. 2.9%), suggesting
a slow-transit phenotype that may reflect regional dietary patterns or consequences of self-
imposed restrictive diets. Maladaptive eating patterns were nearly ubiquitous: distracted eating
(50.0%), irregular meals (73.5%), and regular snacking (65.4%).

In the case—control analysis, BMI was significantly higher in DGBI cases versus controls
(28.15 £ 6.49 vs. 24.47 + 4.60 kg/m?, p = 0.001, Cohen’s d = 0.71), suggesting an intrinsic link
between excess weight and functional digestive symptoms, potentially mediated by visceral
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inflammation or obesity-associated dysbiosis. DGBI cases were significantly less likely to
snack (OR = 0.36; 95% CI: 0.18-0.74; p = 0.009), interpreted as adaptive avoidance behavior:
patients may learn through negative conditioning that frequent eating triggers symptoms,
leading to restrictive patterns. Neither fast eating, distracted eating, nor irregular meals
showed statistically significant associations in the unadjusted analysis.

In adjusted logistic regression (DGBI ~ Age + Sex + BMI + Snacking), BMI remained a
significant predictor (OR = 1.129; 95% CI: 1.045-1.219; p = 0.002), while snacking showed
borderline significance (OR = 0.461, p = 0.061). Both associations survived Bonferroni
correction (BMI: p = 0.005; snacking: p = 0.045) and Benjamini—-Hochberg correction (BMI:
FDR = 0.005; snacking: FDR = 0.023). BMI exhibited a medium-to-large effect (Cohen’s d =
0.71), while snacking showed a smaller effect (Cramér's V = 0.18). Sensitivity analysis
excluding participants with CRP > 10 mg/L confirmed stability of all associations.

5.3. Conclusions

This study provides quantitative evidence for the symptomatic iceberg phenomenon in
DGBIs within a clinical population from Western Romania. The underdiagnosis ratio of 10.8:1
indicates that current diagnostic paradigms capture only a fraction of the true disease burden.
The predominance of neurovegetative over transit symptoms reinforces the centrality of the
gut-brain axis and underscores the need for clinicians to recognize extra-intestinal
manifestations as integral to the disorder. BMI emerged as the most robust correlate of DGBI
status, supporting a multidimensional understanding integrating metabolic, behavioral, and
gut—brain axis components. The reduced snacking in DGBI cases likely reflects adaptive
avoidance rather than a protective dietary pattern. Within the thesis framework, the
convergence with Chapter 4 is notable: while Study 1 demonstrated metabolic consequences
of dietary patterns in young adults, Study 2 shows that in a clinical gastroenterology
population, both metabolic (BMI) and behavioral (snacking avoidance) factors are associated
with functional gastrointestinal symptom burden.

The diagnostic gap observed has important clinical and public health implications. It
indicates that the current diagnostic paradigm, relying primarily on formal Rome IV criteria
applied in specialist settings, captures only a fraction of the true disease burden. The
remaining patients continue to experience symptoms that impair quality of life, generate
anxiety, and may drive repeated healthcare consultations without resolution. The magnitude of
this gap in a Western Romanian cohort adds to the limited evidence from Eastern European
settings and suggests that the iceberg phenomenon is a fundamental characteristic of DGBIs,
driven by symptom complexity, overlap with other conditions, and historical under-recognition.

The finding that neuro-vegetative symptoms predominate has critical clinical
implications: clinicians in primary care may encounter patients presenting primarily with
palpitations, sweating, or dizziness without recognizing these as manifestations of an
underlying functional gastrointestinal disorder, contributing to unnecessary cardiac or
neurological investigations. The prominence of autonomic symptoms provides further evidence
for the centrality of the gut—brain axis, with the vagus nerve playing a critical role in modulating
both gastrointestinal motility and cardiovascular autonomic tone. The constipation-dominant
phenotype (4:1 ratio) is clinically significant and may reflect regional dietary patterns or the
unintended consequences of self-imposed restrictive diets. The high prevalence of irregular
meals and distracted eating is consistent with emerging chrono-nutrition research suggesting
that such patterns may disrupt circadian rhythms of the gut microbiome.

The association between elevated BMI and DGBI status also has important implications
for the microbiota—gut—brain axis. Obesity-associated dysbiosis may contribute to altered gut—
brain communication, potentially exacerbating both gastrointestinal and neurovegetative
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symptoms. Visceral fat produces pro-inflammatory cytokines and adipokines that may alter
intestinal permeability, modulate immune function within the gut mucosa, and contribute to the
low-grade inflammation frequently observed in DGBI patients. These findings suggest that
weight management could be an important, yet often overlooked, component of a holistic
DGBI management strategy.

The paradoxical snacking finding merits careful clinical interpretation. Rather than
indicating a protective effect, this association more likely reflects food avoidance conditioned
by negative symptom experiences. Patients with chronic functional gastrointestinal symptoms
learn through negative conditioning that frequent eating triggers bloating, abdominal
distension, and exaggerated gastrocolic reflex, leading them to adopt restrictive eating
patterns. This adaptive behavior, while understandable from the patient’s perspective, may
paradoxically worsen outcomes by limiting dietary variety, contributing to nutritional
deficiencies, and potentially furthering gut dysbiosis. Clinicians should recognize that patients
with DGBIs may already be self-imposing dietary restrictions that are not nutritionally optimal,
and dietary counseling should address both symptom management and nutritional adequacy.

CHAPTER 6: AI-GUIDED MICROBIOME MODULATION IN REFRACTORY IBD: EFFECTS
ON CLINICAL AND INFLAMMATORY OUTCOMES

6.1. Study Context and Methods

Inflammatory bowel disease remains a complex, chronic condition characterized by
unpredictable relapses, progressive intestinal damage, and significant impairment of quality of
life. Despite the evolution of therapeutic options, a substantial proportion of patients
experience primary non-response to biologics or gradually lose efficacy. Most available
therapies act downstream, targeting inflammation rather than its root biological drivers.
Conventional microbiome approaches (dietary interventions, probiotics, FMT) have produced
variable outcomes, largely due to extraordinary inter-individual variability in microbial
composition and host response.

This was a real-world, non-randomized, prospective, single-arm, open-label exploratory
study conducted at the Gastroenterology and Hepatology Clinic, County Emergency Hospital
“Pius Brinzeu,” Timisoara. The study enrolled 358 adults with moderate-to-severe, treatment-
refractory IBD (215 UC [60.0%], 143 CD [40.0%]; mean age 42.7 + 15.3 years; 52.2% male;
mean BMI 24.5 £ 6.2 kg/m?). All patients had failed at least three prior therapeutic regimens;
67.6% had received biologics, 22.6% corticosteroids. The intervention period was 3 months
with a 1-month safety follow-up.

Baseline assessment comprised three complementary data streams: shotgun
metagenomic sequencing (lllumina NovaSeq) for taxonomic and functional microbiome
profiling; blood biomarker profiling (hs-CRP, vitamin B12, vitamin D, iron, zinc, calcium); and
structured digital phenotyping capturing dietary patterns, medication history, and disease
trajectories. The personalized intervention was guided by the NostraBiome platform,
employing supervised machine-learning models (gradient-boosted decision trees with
ensemble feature selection) trained on over one million scientific sources. Intervention plans
included precision dietary guidance, tailored symbiotic formulations, targeted antimicrobials
when pathogenic signatures exceeded defined thresholds, and micronutrient correction.
Primary endpoint was change in a composite bowel-control index; secondary endpoints
included inflammatory biomarkers, micronutrient status, quality of life (SIBDQ), and microbial
taxa abundance. Statistical analyses used paired t-tests, Wilcoxon signed-rank tests,
PERMANOVA, ALDEx2, and FDR correction.
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6.2. Results

Clinical response was substantial: mean stool frequency decreased from 8.87 + 2.05 to
2.76 = 1.11 bowel movements per day (reduction of 6.11, p < 0.001). Urgency and rectal
bleeding resolved in 91.3% of patients (327/358). Over 70% (n = 256) rated their condition as
“‘much improved.” No adverse events were reported during the study period, indicating that the
personalized intervention was well-tolerated across a diverse, high-risk population.

Inflammatory biomarker normalization closely paralleled clinical improvements: hs-CRP
normalized in 91.0% of patients elevated at baseline (201/221), while fecal calprotectin
normalized in 87.5% (196/224). Mineral deficiencies (iron, zinc) normalized in 79.0% of
affected participants, while vitamin deficiencies (B12, D) normalized in 31.6%. All changes
were statistically significant (p < 0.001). Quality of life improved dramatically: 93.0% (n = 333)
reported “much improved” on the SIBDQ, with only 3.1% unchanged and 2.5% worsened.

Significant increases were observed in key beneficial microbial taxa: Bifidobacterium
longum (77.1% improved), Faecalibacterium prausnitzii (38.8%), Roseburia intestinalis
(30.4%), Akkermansia muciniphila (21.5%), Eubacterium rectale (18.7%), and Ruminococcus
bromii (5.6%). All changes were statistically significant after FDR correction (q < 0.05). The
expansion of SCFA-producing commensals together with increased A. muciniphila supports
improved barrier function and immune regulation, consistent with prior evidence linking these
taxa to mucosal healing and reduced relapse risk.

A unique strength of this study lies in the multidimensional coherence of outcomes.
Radar and correlation analyses revealed that improvements in stool control, inflammatory
burden, micronutrient balance, and quality of life occurred in parallel, suggesting systemic
rather than isolated effects. This integrated pattern differentiates microbiome modulation from
conventional immunosuppressive therapies. The magnitude of improvement exceeds that
reported in pivotal biologic trials (infliximab ACT 1/2: remission 34-39% at week 8;
adalimumab ULTRA 2: remission 16—21%), though direct comparison is limited by differences
in study design.

6.3. Conclusions

Al-guided, multi-omic microbiome modulation was associated with consistent and
clinically meaningful improvement in patients with treatment-refractory IBD. The alignment
between symptomatic recovery, biochemical normalization, and microbial restoration suggests
that the intervention acts through integrated mechanisms of epithelial repair, immune
regulation, and metabolic rebalancing rather than simple symptom control. Parallel
improvement across UC and CD subgroups supports robustness and generalizability.
However, the single-arm, open-label design precludes causal inference; improvements may
partially reflect regression to the mean, increased patient engagement, or expectation effects.
The proprietary Al algorithm was not independently audited, endoscopic endpoints were not
included, and the 3-month follow-up does not address long-term durability. Randomized
controlled trials with longer follow-up and endoscopic endpoints are needed for definitive
validation.

From a broader pathophysiological standpoint, these findings support the hypothesis
that IBD is fundamentally a disorder of disrupted host—-microbiome symbiosis. The chronic
cycle of dysbiosis, epithelial damage, immune activation, and further dysbiosis forms a self-
sustaining loop that perpetuates inflammation. The results suggest that personalized
microbiome modulation can interrupt this loop at multiple points: by reintroducing beneficial
species, enhancing barrier function, reducing luminal antigen load, and restoring metabolic
harmony. The use of Al to interpret complex multi-omic interactions and guide adaptive
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interventions represents a paradigm shift in the management of chronic inflammatory
diseases.

Comparison with existing microbiome therapies contextualizes these findings. Previous
dietary or probiotic interventions have yielded modest or inconsistent effects, largely limited to
mild UC. Fecal microbiota transplantation, though conceptually similar, is limited by donor
variability, engraftment instability, and procedural invasiveness. In contrast, the Al-curated,
multi-omic strategy combines the biological depth of omic profiling with the adaptability of
individualized design, potentially overcoming the inter-individual variability that limits generic
microbiome therapies. The inflammatory normalization observed, particularly hs-CRP and
fecal calprotectin reductions in over 85% of patients, provides biochemical validation
consistent with the treat-to-target framework in IBD, where biomarker normalization
accompanies sustained symptomatic control and mucosal recovery.

GENERAL CONCLUSIONS AND ORIGINAL CONTRIBUTIONS

This doctoral thesis was developed from the premise that dietary patterns represent
biologically active exposures capable of shaping gastrointestinal and metabolic health through
complex interactions with the gut microbiome. The results obtained across the three original
studies support this perspective and outline a coherent framework linking dietary exposure to
clinical outcomes across different stages of the disease spectrum.

The theoretical synthesis established that dietary patterns constitute the most relevant
level of nutritional exposure in gastroenterology, acting through integrated mechanisms
involving microbial metabolism, epithelial barrier function, immune signaling, and epigenetic
regulation. Western dietary patterns emerge as consistent drivers of dysbiosis and
inflammation, while Mediterranean and plant-forward patterns support microbial diversity,
SCFA production, and anti-inflammatory responses.

Study 1 demonstrated that in young adults, dietary behaviors characterized by frequent
fast-food consumption and high-temperature cooking methods are associated with early
metabolic alterations independent of BMI, positioning early adulthood as a critical window for
intervention. The 21.1% prediabetes prevalence and the dose—-response relationship with fast-
food consumption provide novel biomarker-linked evidence from a Romanian university
population. Study 2 revealed that the burden of functional gastrointestinal symptoms extends
well beyond formally diagnosed cases (underdiagnosis ratio 10.8:1), with neurovegetative
manifestations predominating over classical transit complaints. The robust association
between BMI and DGBI status, together with adaptive snacking avoidance, supports a
multidimensional understanding integrating metabolic, behavioral, and gut-brain axis
components. Study 3 demonstrated that targeted, Al-guided microbiome modulation can
achieve measurable clinical, biochemical, and microbiological improvements in patients with
established refractory IBD, with parallel changes across multiple domains providing a coherent
biological signal.

The convergence of findings across the thesis chapters supports a consistent
translational evolution: from early dietary exposures influencing metabolic biomarkers in
healthy young adults, through the modulation of gut—brain communication by eating behaviors
and metabolic status, to the direct manipulation of the gut microbiome for therapeutic benefit.
The identification of specific microbial taxa (F. prausnitzii, B. longum, A. muciniphila) as both
correlates of disease activity and targets of intervention reinforces the thesis that the gut
microbiome serves as a central mediator linking diet, immune function, and clinical outcomes.
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The variability observed in dietary responses and microbial profiles highlights the limits
of generalized recommendations and underscores the need for individualized approaches. The
bidirectional nature of the diet—disease relationship, wherein gastrointestinal disorders reshape
dietary tolerance, food choices, and nutrient absorption, which in turn influence the microbiome
and disease evolution, must be recognized in the development of sustainable therapeutic
strategies.

Original Contributions

1. First biomarker-linked evidence demonstrating associations between dietary patterns,
cooking methods, and prediabetes risk in Romanian university students, including identification
of the metabolically unhealthy normal-weight phenotype in a young adult population.

2. Quantification of the symptomatic iceberg in DGBIs within an Eastern European
clinical setting, with an underdiagnosis ratio of 10.8:1, and demonstration of neurovegetative
symptom predominance over classical transit complaints.

3. ldentification of BMI as the most robust correlate of DGBI status (Cohen’s d = 0.71)
and characterization of reduced snacking as adaptive avoidance behavior in functional
gastrointestinal disorders.

4. One of the largest real-world evaluations of Al-guided, multi-omic microbiome
modulation in refractory IBD (n = 358), demonstrating multidimensional coherence of
improvement across clinical, inflammatory, nutritional, microbial, and quality-of-life domains.

5. Integration of population-level dietary epidemiology, clinical phenotyping of gut—brain
interaction disorders, and precision microbiome-based intervention within a single translational
framework linking diet, microbiome, and clinical outcomes across the disease continuum.

Future Directions

Several directions for further research emerge from this work. Prospective longitudinal
studies are needed to confirm whether the early metabolic alterations identified in Study 1
predict long-term cardiometabolic trajectories and to clarify the temporal relationships between
dietary exposures and glycemic outcomes. Community-based epidemiological studies are
warranted to validate the magnitude of the symptomatic iceberg identified in Study 2 beyond
clinical settings and to assess whether broader screening approaches can reduce diagnostic
delays. Randomized controlled trials with longer follow-up, endoscopic and histologic
endpoints, and diverse patient populations are required to establish the definitive efficacy of
Al-guided microbiome modulation and to determine the durability of clinical improvements.

Development of reliable objective biomarkers of dietary exposure, standardization of
outcome measures across dietary intervention trials, and systematic adjustment for key
confounders such as acid-suppressant medication use represent essential methodological
priorities. The integration of multi-omic data into accessible, cost-effective clinical tools
remains a critical step toward implementation of precision nutrition in routine
gastroenterological practice. Finally, research should address the ethical, economic, and
equity implications of precision nutrition approaches, ensuring that advances in microbiome-
informed therapeutics are accessible to diverse populations rather than restricted to well-
resourced settings.

In conclusion, this thesis supports the repositioning of diet from a contextual lifestyle
factor to a central component of gastrointestinal and metabolic care, with direct biological and
clinical relevance. By integrating epidemiological observations, clinical phenotypes, and
microbiome-based interventions within a unified model, the work contributes to a more
comprehensive understanding of the diet—-microbiome—host axis and supports the
development of individualized, mechanism-based approaches in clinical practice.
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REZUMAT

INTRODUCERE

Escaladarea globala a obezitatii si a tulburarilor metabolice legate de dieta reprezinta
una dintre cele mai semnificative provocari de sanatate publica ale secolului XXI, remodeland
peisajul epidemiologic al bolilor gastrointestinale si cardiometabolice. in ultimele decenii,
mediile alimentare au suferit o transformare profunda, determinatd de urbanizare,
industrializarea sistemelor alimentare si disponibilitatea pe scara larga a alimentelor ultra-
procesate. Aceasta tranzitie a inlocuit progresiv tiparele alimentare traditionale in favoarea
unor diete occidentale bogate in energie, sarace in fibre si bogate in aditivi, cu consecinte
importante pentru sanatatea populatiei.

La nivel global, povara asociata acestor schimbari este substantiald. Studiul Global
Burden of Disease 2019 a identificat riscurile alimentare in randul principalilor contributori la
anii de viata ajustati in functie de dizabilitate la nivel mondial, afectiunile gastrointestinale
reprezentdnd o componentad semnificativda a acestei poveri. Incidenta bolilor inflamatorii
intestinale a crescut semnificativ in regiunile recent industrializate, paralel cu occidentalizarea
alimentara, in timp ce tarile cu prevalenta ridicata se confruntd acum cu o etapa de acumulare
a bolilor cronice. In paralel, povara globala a tulburarilor metabolice continud sa creasca, cu
sute de milioane de adulti afectati de diabet, iar proiectiile indica o crestere suplimentara in
deceniile urmatoare.

Este esential de subliniat faptul ca implicatiile metabolice ale acestor tipare alimentare
nu se limiteaza la persoanele cu obezitate evidenta. Tot mai multe dovezi indica faptul ca
fenotipurile metabolice adverse, incluzand rezistenta la insulina, dislipidemia si perturbarea
homeostaziei glicemice, pot surveni chiar si la indivizii cu un indice al masei corporale in limite
normale. Aceasta observatie contesta dependenta de masurile antropometrice si evidentiaza
necesitatea de a lua in considerare calitatea dietei si functia metabolica. Datele emergente
sugereaza, de asemenea, ca aceste modificari pot aparea devreme in viata, inclusiv in
populatii tinere si aparent sanatoase, pozitionand inceputul maturitatii ca o fereastra critica in
timpul careia comportamentele alimentare pot influenta traiectoriile metabolice pe termen lung.

Dincolo de efectele metabolice, tiparele alimentare exercita o influenta benefica
complexad asupra homeostaziei gastrointestinale prin interactiunea lor cu microbiomul
intestinal, integritatea barierei epiteliale, reglarea imuna si semnalizarea neurogenetica.
Expunerea dietetica occidentala promoveaza un profil disbiotic caracteristic, marcat prin
epuizarea taxonilor producatori de acizi grasi cu lant scurt (SCFA) si Tmbogatirea
microorganismelor proinflamatorii. Aceste modificari sunt asociate cu afectarea functiei
barierei, cresterea translocarii endotoxinelor si activarea cailor de semnalizare inflamatorie.
Aceste mecanisme leaga tiparele alimentare de un spectru larg de afectiuni gastrointestinale,
de la boli inflamatorii intestinale si tulburari ale interactiunii intestin—creier, pana la boala
celiaca si tulburarile gastrointestinale superioare.

In acest context, rAman lacune importante in intelegerea modului in care expunerile
dietetice, dinamica microbiomului si rezultatele clinice interactioneaza intre diferite stadii ale
bolii si populatii diverse. Dovezile existente sunt adesea fragmentate, cu o integrare limitata
intre observatiile epidemiologice, fenotiparea clinica si interventiile bazate pe microbiom.

Prezenta teza abordeaza aceasta lacuna printr-o abordare translationala care
integreaza perspective biologice, clinice si interventionale, avand ca scop explorarea
impactului tiparelor alimentare asupra rezultatelor metabolice si gastrointestinale,



4

caracterizarea expresiei clinice a tulburarilor legate de dieta si evaluarea potentialului
strategiilor personalizate, orientate catre microbiom, in bolile inflamatorii.

Lucrarea este organizata sub forma unei succesiuni metodologice integrate, ilustrand
progresia de la sinteza conceptuala la cercetarea observationala si, ulterior, la analiza
moleculara si interventionala. Partea generala integreaza dovezi actuale dintr-o revizuire
structurata a literaturii cu 1.486 de inregistrari, sintetizdnd date epidemiologice, biologice si
clinice intr-un cadru conceptual unificat. Partea speciala cuprinde trei studii originale care
exploreaza progresiv axa dieta—microbiom—boala: de la evaluarea timpurie a riscului metabolic
la adulti tineri sanatosi, prin caracterizarea clinica a tulburarilor functionale gastrointestinale,
pana la interventii precise bazate pe microbiom in boli inflamatorii refractare. Acest design
translational permite legarea constatarilor la nivel de populatie cu interventii personalizate,
evidentiind rolul central atat al dietei, cat si al microbiomului in sanatatea gastrointestinala si
metabolica.

CAPITOLUL 1: TIPARELE ALIMENTARE CA FACTORI DETERMINANTI Al SANATATII
GASTROINTESTINALE

Acest capitol stabileste fundamentul teoretic al tezei printr-o revizuire narativa
structuratd. Tn ultimul deceniu, gastroenterologia a trecut printr-o tranzitie conceptual
fundamentala: dieta a fost reconfigurata dintr-un simplu factor contextual al stilului de viata
intr-o expunere biologica cu relevanta cauzala si actionabilitate clinica. Aceasta schimbare de
paradigma a fost facilitatd de convergenta dovezilor provenite din tehnologii multi-omice,
cohorte potentiale mari si studii biologice care demonstreaza ca constituentii alimentelor pot
remodela semnalizarea epiteliala, reglarea imuna si ecologia microbiana intestinala.

Capitolul trece in revista povara epidemiologica a bolilor gastrointestinale in contextul
expunerilor dietetice. Boala inflamatorie intestinala ofera unul dintre cele mai puternice
argumente epidemiologice pentru implicarea alimentara: la Biobanca din Marea Britanie (peste
500.000 de participanti), aderenta la Dieta Alternativa Mediteraneana a fost asociata cu un risc
redus de boala Crohn (HR 0,58; IC 95% 0,42-0,80), partial mediat de cai de biomarkeri
antiinflamatoare. O revizuire sistematica si o meta-analiza din 2025, care au inclus peste 2
milioane de participanti, au confirmat un risc crescut prin tiparele alimentare inflamatorii Si
alimentele ultra-procesate, precum si efectele protectoare ale fibrelor si ale modelelor
mediteraneene, in special pentru boala Crohn, in timp ce rezultatele pentru colita ulcerativa au
ramas mai eterogene.

Modelul epidemiologic pentru IBD este contextualizat printr-un cadru in patru etape
(emergenta, accelerare, prevalentd de acumulare, stabilizare), multe regiuni vestice fiind in
prezent in faza de acumulare, unde prevalenta creste din cauza duratei bolilor cronice,
depasind potential 1% din populatie. Capitolul abordeaza si sindromul de colon iritabil (IBS),
unde prevalenta variaza semnificativ in functie de criterile de diagnostic (Roma Ill: ~9%;
Rome IV: ~4%), iar dieta saraca in FODMAP are cea mai solida baza de dovezi dintre
strategiile alimentare. Boala celiaca reprezinta un paradigm distinct de enteropatie mediata
imunologic, declansata de gluten la gazdele genetic susceptibile. Tulburarile gastrointestinale
superioare, inclusiv boala ulcerului peptic si gastrita cronica, sunt, de asemenea, analizate in
ceea ce priveste asocierile alimentare.

Tiparul alimentar occidental se caracterizeaza printr-un aport ridicat de alimente ultra-
procesate, carbohidrati rafinati, grasimi saturate/trans, carne rosie/procesata si zaharuri
adaugate, cu un aport scazut de alimente vegetale bogate in fibre. Alimentele ultra-procesate
pot contribui cu 50-60% din aportul total de energie in medii puternic industrializate si sunt
legate de riscul de IBD prin perturbarea microbiomului, cresterea permeabilitatii si activarea
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imunitatii innascute. Din punct de vedere biologic, expunerea dietetica occidentala
promoveaza un tipar caracteristic de disbioza, caracterizat de o diversitate microbiana redusa,
epuizarea taxonilor care sustin bariera precum Akkermansia muciniphila si Faecalibacterium
prausnitzii, precum si Tmbogatirea patobionitilor proinflamatori. Endotoxemia metabolica
postprandiala ofera o legatura biologica cheie, prin care alimentele bogate in grasimi amplifica
translocarea lipopolizaharidelor si activeaza cascadele inflamatorii TLR4-MyD88-NF-kB.

Capitolul  stabileste, de asemenea, bidirectionalitatea relatiei dieta—boala
gastrointestinala si introduce nutritia de precizie ca paradigma emergenta. Dovezile unei
variatii puternice intre persoane in raspunsurile metabolice la alimente identice si capacitatea
modelelor de invatare automata care incorporeaza microbiomul si variabilele stilului de viata
de a imbunatati predictia au incurajat traducerea in contexte gastrointestinale, desi persista
limitari, inclusiv partinire de antrenament fatd de populatiile occidentale, generalizabilitate
incerta si validare incompleta.

Mai exact, relatia dintre dieta si bolile gastrointestinale nu este unidirectionala.
Tulburarile gastrointestinale remodeleaza expunerea dietetica prin modificarea tolerantei
alimentare, digestiei, absorbtiei, motilitatii si interactiunilor gazda-microbiom. In boala celiac3,
atrofia villozilor afecteaza absorbtia nutrientilor si poate modifica secundar ecologia
microbiana; in IBS, hipersensibilitatea viscerala si anticiparea simptomelor restrang frecvent
varietatea alimentelor si promoveaza tiparele alimentare de evitare; iar in IBD, inflamatia
activa, malabsorbtia acizilor biliare, rezectiile intestinale si terapiile farmacologice pot modifica
manipularea nutrientilor si toleranta la fibre, grasimi si substraturi fermentabile. In schimb,
tiparele alimentare obisnuite influenteaza initierea si progresia bolii prin modularea integritatii
barierei epiteliale, activarii imune, stresului oxidativ, metabolismului acizilor biliari si
metabolitilor derivati din microbiom.

Aparitia nutritiei de precizie reprezinta o evolutie transformatoare in gastroenterologia
nutritionala. Platformele comerciale ofera acum ghiduri alimentare informate de microbiom, iar
datele timpurii sugereaza ca semnaturile microbiomului de baza pot prezice raspunsul la diete
precum dieta low-FODMAP din IBS, iar strategiile individualizate de prescriere a fibrelor,
calibrate pentru capacitatea microbiomului, ar putea deveni relevante pentru mentinerea
remisiei IBD. Totusi, nutritia de precizie ramane constrédnsa de bariere tehnice si practice:
modelele actuale explica doar o proportie limitata a variabilitatii raspunsului, compozitia
microbiomului este dinamica temporal, evaluarea aportului alimentar ramane imperfecta chiar
si cu instrumente digitale, iar implementarea necesita infrastructura rar disponibila in ingrijirea
de ruting, ridicand ingrijorari legate de costuri, echitate, confidentialitatea datelor si bias-ul
algoritmic.

CAPITOLUL 2: MECANISME MOLECULARE $lI IMPLICATIILE CLINICE ALE
INTERACTIUNILOR DIETA-MICROBIOM

Acest capitol ofera o examinare detaliatda a cailor prin care tiparele alimentare
influenteaza bolile gastrointestinale. Dieta moduleaza riscul bolii prin programare epigenetica
(metilare a ADN-ului, modificari ale hizonelor, ARN necodificant) si activarea cailor cheie de
semnalizare. Mecanismele epigenetice ofera o interfatd moleculara intre intrarile derivate din
dieta si starile durabile ale expresiei genice, studiile de asociere la nivel de epigenom
identificand regiuni diferential metilate in IBD imbogatite cu gene legate de reglarea imuna si
integritatea barierei.

Butirura constituie cea mai clara punte biologica intre fibrele alimentare, activitatea
microbiomului si remodelarea cromatinei: ca inhibitor puternic al deacetilazei histonelor
(HDAC), creste acetilarea histonelor la loci care guverneaza integritatea barierei si sistemele
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imune de reglare, suprimand in acelasi timp retelele inflamatorii dependente de NF-kB. O
implicatie terapeutica cheie este axa Foxp3/Treg: butiratul promoveaza expresia Foxp3 prin
cresterea acetilarii in regiunile promotor/amplificator si actioneaza indirect prin GPR109A
pentru a sustine fenotipurile imune de reglare. La nivel de semnalizare, NF-kB si MAPK
functioneaza ca nodi integratori centrali, in timp ce PPAR-y functioneazd ca un receptor
nuclear antiinflamator receptiv la dieta, activat de componente ale modelului mediteranean
(acid oleic, PUFAs omega-3, polifenoli).

Cinci tipare alimentare sunt analizate comparativ de-a lungul unui continuum de la
expuneri proinflamatorii la antiinflamatoare: dieta occidentala, dieta mediteraneana, dieta
saraca in FODMAP, dietele pe bazd de plante si dieta fara gluten. Modelul dietetic
mediteranean reprezinta constant un cadru antiinflamator sustenabil asociat cu imbogatirea
taxonilor producatori de SCFA, reducerea markerilor inflamatori sistemici si rezultate
imbunatatite in IBD si tulburari functionale. Dieta saraca in FODMAP este sustinuta ca fiind
cea mai bazata pe dovezi pentru IBS (rate de raspuns 50-80%), desi restrictia pe termen lung
necesita reintroducere structurata pentru a preveni epuizarea microbiana. Modelele pe baza
de plante sunt asociate cu o diversitate microbiana crescuta si imbogatirea taxonilor care
degradeaza fibrele, in timp ce dieta fara gluten ramane esentiala pentru gestionarea bolii
celiace.

Capitolul revizuieste, de asemenea, impactul fiziopatologic si clinic al tiparelor
alimentare asupra unor afectiuni gastrointestinale specifice, inclusiv boala celiaca, IBS, boala
Crohn, colita ulcerativa, gastrita H. pylori, boala ulcerului peptic si intoleranta la lactoza.
Interventiile tintite de microbiom (probiotice, prebiotice, sinbiotice, postbiotice) sunt pozitionate
ca adjuvanti la terapia dietetica, divergenta UC—Crohn in raspunsul probiotic fiind identificata
ca una dintre cele mai constante si clinic importante descoperiri din domeniu. Apar trei
concluzii pragmatice: specificitatea deformatiei/substratului/componentei este nenegociabila;
divergenta UC-Crohn trebuie comunicata explicit; iar postbiotica reprezintd o extensie
translationala promitatoare care necesita validare clinica la scara mai larga.

Tn final, capitolul abordeaza limitarile metodologice si directiile viitoare, inclusiv absenta
unui control real al placebo-ului in studiile dietetice, dependenta de date dietetice auto-
raportate, eterogenitatea designurilor studiilor si influenta confuzd a medicamentelor cu
supresor de acid. Variabilitatea semnificativa interindividuala a raspunsurilor dietetice si
aparitia nutritiei de precizie ca directie translationala necesara sunt subliniate, recunoscéand ca
modelele predictive actuale explica doar o proportie modesta a variabilitatii raspunsului.

O dimensiune biomoleculara suplimentara abordata in acest capitol implica modularea
integritatii jonctiunii epiteliale. Bariera intestinala este mentinuta prin interactiuni coordonate
intre proteinele de jonctiune stransa (occludin, claudine, zonula occludens, proteine) si
componentele jonctiunii aderente, cum ar fi E-cadherina si B-catenina. Tiparele alimentare de
tip occidental, bogate in grasimi saturate si derivati oxidati ai colesterolului (oxisteroli),
promoveaza stresul oxidativ, modificd compozitia lipidelor membranei si activeaza caile
inflamatorii de semnalizare, perturband arhitectura jonctiunilor stranse si facilitand translocarea
produselor microbiene luminale. Tn contrast, polifenolii abundenti in dietele axate pe plante
imbunatatesc expresia si localizarea proteinelor cu jonctiuni stranse, reduc stresul oxidativ si
moduleaza metabolitii derivati din microbiom, oferind o legatura biologica intre compozitia
dietetica si permeabilitatea epiteliala.

Implicatiile observationale si clinice care apar din sinteza narativa sunt semnificative. in
cadrul afectiunilor gastrointestinale, tiparele alimentare, mai degraba decat nutrientii izolati,
devin cea mai semnificativa unitate de interventie din punct de vedere clinic. Modelul dietetic
mediteranean reprezinta constant un cadru antiinflamator sustenabil, in timp ce tiparele
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alimentare occidentale sunt asociate Th mod repetat cu disbioza, disfunctie a barierei si un risc
crescut de inflamatie. Din perspectiva clinica, aceste constatari subliniaza necesitatea
integrarii evaluarii si consilierii dietetice in ingrijirea gastroenterologica de rutina, cu o rigoare
comparabila cu managementul farmacologic. Adecvarea nutritionala ar trebui monitorizata
activ ori de cate ori se impune restrictii alimentare: dieta fara gluten necesita inlocuirea
planificata a fibrelor si micronutrientilor; dieta saraca in FODMAP necesita reintroducere
structurata pentru a preveni epuizarea microbiana; iar restrictia lactatelor necesita evaluarea
adecvarii calciului si vitaminei D. Colaborarea cu dieteticieni specializati in gastroenterologie ar
trebui considerata practica standard pentru interventiile dietetice complexe.

CAPITOLUL 3: SCOPUL Sl OBIECTIVELE CERCETARII

Partea generala a tezei a inclus 148 de publicatii dintr-o cautare structurata a literaturii
cu 1.486 de inregistrari in bazele de date PubMed/MEDLINE, Scopus si Web of Science.
Céateva concluzii cheie au stat direct la baza cercetarii initiale: prioritatea tiparelor alimentare in
detrimentul nutrientilor izolati; rolul central al microbiomului si al cailor mediate de SCFA,
impactul proinflamator al expunerilor dietetice occidentale; si necesitatea unor abordari
personalizate, avand o variabilitate pronuntata intre indivizi.

Scopul principal al tezei este de a evalua sistematic impactul tiparelor alimentare si al
factorilor de stil de viata asupra sanatatii gastrointestinale si compozitiei microbiomului
intestinal pe un spectru larg de populatie, de la persoane tinere, aparent sanatoase, pana la
pacienti cu patologii gastrointestinale deja stabilite. Cercetarea urmeaza o abordare
translationala care cuprinde trei niveluri interconectate de investigatie, fiecare corespunzand
unui obiectiv specific:

Obiectiv 1: Evaluarea asocierii dintre tiparele alimentare, inclusiv alegerile alimentare si
metodele de gatit, si markerii timpurii de risc metabolic intr-o populatie de 693 de studenti
universitari romani, folosind hemoglobina glicatd (HbA1c), profilul lipidic si prevalenta
prediabetului ca rezultate principale.

Obiectivul 2: Analizarea relatiei dintre comportamentele alimentare, simptomele
gastrointestinale si manifestarile neurovegetative la pacientii cu tulburari ale interactiunii
intestin—creier, folosind un design caz—control derivat de la 194 de pacienti consecutivi.

Obiectivul 3: Caracterizarea microbiomului intestinal la pacientii cu boala inflamatorie
refractara intestinala (n = 358) si evaluarea efectelor unui program personalizat de modulare a
microbiomului ghidat de inteligenta artificiala si integrare multi-omica.

Din punct de vedere metodologic, teza integreaza instrumente epidemiologice clasice
(chestionare dietetice structurate, criterii diagnostice validate, markeri biochimici) cu abordari
moleculare si computationale avansate (secventiere metagenomica shotgun, integrare multi-
omica bazata pe Al). Aceasta strategie combinata reflecta necesitatea de a face legatura intre
observatiile la nivel de populatie si caracterizarea detaliata si individualizatd a microbiomului
intestinal. Continutul translational progreseaza de la un studiu transversal la adulti tineri
sanatosi, la fenotiparea clinica a tulburarilor gastrointestinale functionale, pana la interventii de
precizie bazate pe microbiom in boli inflamatorii deja consacrate.

Ratiunea conceptuala care leaga aceste trei studii se bazeaza pe mai multe concluzii
cheie din sinteza literaturii. In primul rand, prioritatea tiparelor alimentare in detrimentul
nutrientilor izolati ca expuneri relevante din punct de vedere clinic. in al doilea rand, rolul
central al metabolitilor derivati din microbiom, in special SCFA, in medierea relatiei dintre dieta
si rezultatele gastrointestinale. in al treilea rand, impactul proinflamator al expunerilor dietetice
occidentale prin disbioza, disfunctie a barierei si endotoxemia metabolica. In al patrulea rand,
variabilitatea pronuntata intre indivizi in raspunsurile dietetice care limiteaza validitatea
recomandarilor alimentare uniforme si sustine dezvoltarea unor abordari nutritionale de
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precizie. Impreund, aceste concluzii stau direct la baza obiectivelor, populatiilor studiului Si
alegerilor metodologice ale celor trei investigatii originale.

CAPITOLUL 4: INFLUENTA TIPARELOR ALIMENTARE SI A PREPARARII ALIMENTELOR
ASUPRA RISCULUI DE PREDIABET IN RANDUL STUDENTILOR UNIVERSITARI ROMANI

4.1. Contextul si metodele studiului

Diabetul zaharat de tip 2 reprezinta una dintre cele mai semnificative poveri globale
pentru sanatate, cu o prevalenta estimata sa atinga 783,2 milioane pana in 2045. Prediabetul
reprezinta o fereastra critica de preventie, deoarece interventiile structurate in stilul de viata
pot reduce semnificativ progresia catre diabetul evident. Varsta tanara este o perioada
deosebit de importanta, deoarece obiceiurile de stil de viata stabilite in aceasta etapa pot
influenta traiectorile metabolice pe termen lung, iar riscul cardiometabolic poate sa nu fie
surprins pe deplin doar de IMC.

Acest studiu transversal a inscris 693 de studenti (402 femei, 291 barbati; varsta medie
20,8 = 1,4 ani; IMC mediu 23,96 + 3,86 kg/m?) la Universitatea de Medicina si Farmacie Victor
Babes, Timisoara. Datele au fost colectate printr-un chestionar online structurat care
evalueaza obiceiurile alimentare, preferintele alimentare si practicile de gatit. Masurile
antropometrice si biochimice au inclus IMC, HbA1c, colesterolul total, LDL-C, HDL-C si
trigliceride. Prediabetul a fost definit ca HbA1c 5,7-6,4% (criteriile ADA). Metodele statistice au
inclus analiza clusterelor K-means, regresia logistica binara, regresia liniara multivariabila,
analiza doza-raspuns, analiza medierii (5.000 iteratii bootstrap), analiza curbei ROC, analizele
interactiunilor stratificate si analizele de sensibilitate excluzand participantii diabetici.

4.2. Rezultate

Prevalenta generald a prediabetului a fost de 21,1% (n = 146), cu 1,4% clasificati ca
avand diabet. Media HbA1c a fost de 5,34 + 0,48%. Analiza clusterelor K-means a identificat
trei tipare alimentare: constiente de sanatate (n = 272, 39,2%; prediabet 15,4%), caracterizate
prin consum scazut de fast-food, fierbere predominanta si aport ridicat de fructe/legume;
Model mixt (n = 150, 21,6%; prediabet 20,0%), cu aport moderat de fast-food si coptari/gratar;
si orientat spre fast-food (n = 271, 39,1%,; prediabet 27,3%), caracterizati prin consumul
frecvent de fast-food, prajirea predominantad si un aport scazut de fructe/legume. Prevalenta
prediabetului a diferit semnificativ intre grupurile alimentare (x> = 11,62, p = 0,003).

Metodele de gatire la temperaturi inalte (prajire, gratar) au fost asociate cu niveluri mai
ridicate de HbA1c comparativ cu fierbere (ANOVA, p = 0,0155). n regresia logistica binara,
fiecare unitate de crestere a scorului de consum de fast-food a fost asociata cu o crestere de
78% a sanselor de prediabet (OR = 1,78, IC 95%: 1,38-2,30, p < 0,001), independent de IMC,
sex si varsta. IMC a fost, de asemenea, asociat pozitiv cu prediabetul (OR = 1,10, p < 0,001).
S-a observat o relatie clara dozad-raspuns: media HbA1c a crescut de la 5,09% (non-
consumatori) la 5,58% (23 ori/saptamana), cu prevalenta prediabetului crescand de la 0% la
36,7% (Cochran—Armitage Z = 4,579, p < 0,001).

In regresia liniard multivariabila (F = 25,25, p < 0,001; R? = 0,181), frecventa fast-food
(B =0,147, p <0,001), IMC (B = 0,035, p < 0,001) si consumul de fructe/legume ( = -0,109, p
< 0,001) au fost asociate independent cu HbA1c. Analiza de mediere a aratat ca efectul
indirect prin IMC a fost neglijabil (0,4% din efectul total; IC 95%: -0,012 pana la 0,014),
indicand ca asocierea fast-food—HbA1c functioneaza prin cai independente de adipozitate,
implicand potential incarcatura glicemica, caracteristicile procesarii alimentelor, produse finale
avansate de glicare sau aditivi alimentari.
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Analizele stratificate au confirmat consistenta asocierilor intre categoriile de sex si IMC.
La persoanele cu greutate normala, grupul orientat spre fast-food a prezentat in continuare o
prevalenta substantiala a prediabetului (22,7%), sustindnd conceptul de fenotip metabolic
nesanatos al greutatii normale. O interactiune intre prajitura si consumul de fast-food a
evidentiat un efect plafon: in randul utilizatorilor de prajire, HbA1c era deja crescut indiferent
de aportul de fast-food, in timp ce printre cei care nu prajesc, consumul ridicat de fast-food a
produs o crestere mai pronuntatd a HbA1c. Analizele lipidice au aratat ca IMC era predictorul
dominant al parametrilor lipidici, in timp ce frecventa fast-food-ului era asociata independent
cu trigliceridele (B = 3,57, p = 0,034) si sexul masculin cu HDL-C mai scazut (B = -10,04, p <
0,001). Raportul TG/HDL a indicat o vulnerabilitate submetabolica subclinica subsubclinica, cu
42,7% depasind pragul de 2,0. Analizele de sensibilitate care au exclus participantii cu HbA1c
26,5% au confirmat robustetea tuturor constatarilor primare.

4.3. Concluzii

Acest studiu a identificat asocieri semnificative intre tiparele alimentare nefavorabile si
marcatorii crescuti ai riscului glicemic in randul studentilor universitari roméani. Relatia doza—
raspuns dintre consumul de fast-food si HbA1c, independenta fata de IMC in analiza medierii
si interactiunea cu efect plafon dintre prajitura si expunerea la fast-food ofera dovezi noi
privind mecanismele de risc dietetic la adullii tineri. Elevii cu greutate normala si modele
orientate spre fast-food au prezentat o prevalenta substantiala a prediabetului, provocéand
dependenta de screeningul antropometric exclusiv. Din perspectiva sanatatii publice, tinte
relativ simple , reducerea frecventei fast-food-urilor, cresterea consumului de fructe si leqgume
si scaderea dependentei de prajirea la temperaturi mari , ar putea schimba HbA1c la nivel de
populatie. Acesta este primul studiu care examineaza efectele combinate ale tiparelor
alimentare si metodelor de gatit asupra riscului de prediabet in randul studentilor universitari
romani.

Prevalenta generala a prediabetului, de 21,1%, este remarcabila pentru un esantion
universitar de tineri adulti, depasind estimarile raportate in unele populatii universitare
europene si asemanatoare cu cifrele populatiilor aflate in tranzitie nutritionala rapida. Aceste
rezultate plaseaza rezultatele in contextul mai larg al tranzitilor alimentare si de stil de viata
din Europa de Est si Centrala, unde disponibilitatea tot mai mare a alimentelor convenabile si
ultra-procesate poate remodela profilurile metabolice de risc la varste mai tinere. Persistenta
asociatiilor fast-food dupa ajustarea IMC-ului sugereaza ca expunerile dietetice influenteaza
reglarea glucozei prin mecanisme alternative, inclusiv incarcarea glicemica, caracteristicile de
procesare a alimentelor, formarea produselor finale avansate de glicare in timpul gatitului la
temperaturi Tnalte si raspunsuri metabolice la aditivi alimentari care pot afecta compozitia
microbiotei intestinale si caile inflamatorii.

Dovezile emergente implica, de asemenea, axa microbiota—intestin—creier ca o cale
potentiala care leaga tiparele alimentare de rezultatele metabolice si neurocomportamentale.
Dietele bogate in alimente ultra-procesate si sarace in fibre alimentare pot modifica compozitia
microbiana intestinala, pot perturba productia de metaboliti microbieni si pot promova
inflamatia sistemica , procese care pot afecta semnalizarea insulinei si reglarea glucozei.
Asocierile dietetice mai slabe observate pentru parametrii lipidici comparativ cu markerii
glicemici pot indica faptul ca perturbarile alimentare timpurii la adultii tineri se reflecta mai intai
in reglarea glucozei, iar anomaliile lipidice pot aparea mai tarziu pe traiectoria disfunctiei
metabolice.
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CAPITOLUL 5: COMPORTAMENTELE ALIMENTARE S| RELATIA LOR CU TIPARELE DE
SIMPTOME DIGESTIVE $1| NEUROVEGETATIVE

5.1. Studiaza contextul si metodele

Tulburarile de interactiune intestin—creier (DGBI), avand sindromul colonului iritabil ca
arhetip clinic, reprezinta o preocupare semnificativa de sanatate globala. Meta-analizele care
aplica criteriile Rome IV plaseaza prevalenta globala a IBS intre 4% si 17%, insa aceste cifre
reprezintd doar varful unui aisberg simptomatic mult mai mare. Intarzierile diagnostice sunt
frecvente, multi pacienti asteptand peste un an pentru diagnostic. Manifestérile clinice se
extind mult dincolo de intestin: pacientii raporteaza frecvent simptome extra-intestinale precum
oboseala, dureri de cap si tulburari autonome, care sunt manifestari ale unei axe intestin—
creier dereglate ce actioneaza prin aferente vagale, axa hipotalamic—hipofiza—suprarenala si
microbiota enterica.

Acest studiu a fost realizat la Clinica de Gastroenterologie si Hepatologie, Spitalul de
Urgenta al Judetean "Pius Brinzeu", Timisoara. Dintre cei 194 de adulti evaluati initial, 58 au
fost exclusi, rezultdnd un esantion analitic final de 136 de participanti (varsta medie 68,70 *
12,94 ani; IMC mediu 25,36 £ 5,36 kg/m?). A fost implementat un design riguros caz-control:
52 de pacienti cu fenotip DGBI functional activ (cazuri) versus 84 de subiecti fara simptome
gastrointestinale functionale sau boald organica (controale). Evaluarea simptomelor a inclus
atat simptomele de tranzit gastrointestinal (constipatie, diaree, balonare, dureri abdominale,
greata, satietate timpurie), cat si manifestari neuro-vegetative (transpiratie, palpitatii, ameteli,
epuizare). Comportamentele alimentare evaluate au inclus mancatul rapid, alimentatia
distrasa, mesele neregulate si gustarile. Analizele statistice au inclus testele exacte Chi-
patrat/Fisher, testul t al lui Welch, regresia logistica multivariabild, corectiile Bonferroni si
Benjamini—-Hochberg, precum si analizele de sensibilitate excluzadnd CRP > 10 mg/L.

5.2. Rezultate

Aisbergul simptomatic: Desi doar 4,4% (n = 6; IC 95%: 2,0-9,3%) dintre participanti
aveau un diagnostic formal documentat de IBS, 47,8% (n = 65; IC 95%: 39,6-56,1%) au
indeplinit criteriile pentru grupul mai larg de simptome compatibil cu SllI, rezultdnd un raport de
subdiagnostic de 10,8 , pentru fiecare pacient diagnosticat formal, aproximativ unsprezece alti
au experimentat o povara a simptomelor comparabila fara recunoastere. Aceasta diferenta
reflecta o deconectare relevanta clinic intre experienta pacientului si etichetarea diagnostica.

Simptomele neuro-vegetative au predominat in fata plangerilor clasice de tranzit:
transpiratia (19,1%; 1C 95%: 13,4-26,5%), palpitatiile (14,0%; IC 95%: 9,1-20,8%) si ametelile
(11,8%; IC 95%: 7,4-18,3%) au fost mai frecvente decéat orice tulburare individuala de tranzit
gastrointestinal. Balonarea a fost cel mai frecvent simptom de tranzit (11,8%), urmat de
constipatie (10,3%). Constipatia a aratat o predominanta de 4:1 fata de diaree (11,8% fata de
2,9%), sugerand un fenotip de tranzit lent care poate reflecta tiparele alimentare regionale sau
consecintele dietelor restrictive autoimpuse. Tiparele alimentare maladaptive au fost aproape
omniprezente: alimentatie distrasa (50,0%), mese neregulate (73,5%) si gustari regulate
(65,4%).

in analiza caz-control, IMC a fost semnificativ mai ridicat in cazurile DGBI fatid de
controlul (28,15 £ 6,49 vs. 24,47 + 4,60 kg/m? p = 0,001, d Cohen = 0,71), sugerand o
legatura intrinseca intre excesul de greutate si simptomele digestive functionale, potential
mediata de inflamatie viscerala sau disbioza asociata obezitatii. Cazurile de DGBI au fost
semnificativ mai putin predispuse sa ia gustari (OR = 0,36; IC 95%: 0,18-0,74; p = 0,009),
interpretate ca comportament adaptiv de evitare: pacientii pot invata prin conditionare negativa
ca alimentatia frecventa declanseaza simptome, conducand la tipare restrictive. Nici méncatul
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rapid, nici mancatul distras, nici mesele neregulate nu au prezentat asocieri statistic
semnificative in analiza neajustata.

In regresia logistica ajustata (DGBI ~ Varsta + Sex + IMC + Gustari), IMC a rdmas un
predictor semnificativ (OR = 1,129; IC 95%: 1,045-1,219; p = 0,002), in timp ce gustarile au
aratat semnificatie la limita (OR = 0,461, p = 0,061). Ambele asocieri au supravietuit corectiei
Bonferroni (IMC: p = 0,005; gustari: p = 0,045) si corectiei Benjamini—-Hochberg (IMC: FDR =
0,005; gustari: FDR = 0,023). IMC a prezentat un efect mediu spre mare (d Cohen = 0,71), in
timp ce gustarile au aratat un efect mai mic (V al lui Cramér = 0,18). Analiza de sensibilitate,
excluzand participantii cu CRP > 10 mg/L, a confirmat stabilitatea tuturor asocierilor.

5.3. Concluzii

Acest studiu ofera dovezi cantitative pentru fenomenul icebergului simptomatic in DGBI
intr-o populatie clinica din vestul Romaniei. Raportul de subdiagnostic de 10,8:1 indica faptul
ca paradigmele diagnostice actuale acopera doar o fractiune din adevarata povara a bolii.
Predominanta simptomelor neurovegetative fata de tranzit intareste centralitatea axei intestin—
creier si subliniaza necesitatea ca clinicienii s& recunoasca manifestérile extra-intestinale ca
fiind parte integranta a tulburarii. IMC a devenit cel mai robust corelat al statutului DGBI,
sustindnd o intelegere multidimensionala care integreaza componentele metabolice,
comportamentale si axa intestin-creier. Reducerea gustarilor in cazurile DGBI reflecta probabil
evitarea adaptativd, nu un tipar alimentar protector. in cadrul cadrului tezei, convergenta cu
Capitolul 4 este notabila: in timp ce Studiul 1 a demonstrat consecinte metabolice ale tiparelor
alimentare la adultii tineri, Studiul 2 arata ca, intr-o populatie de gastroenterologie clinica, atat
factorii metabolici (IMC), cat si cei comportamentali (evitarea gustarii) sunt asociati cu povara
simptomelor gastrointestinale functionale.

Lacuna diagnostica observata are implicatii clinice si de sanatate publica importante.
Indica faptul ca paradigma diagnostica actuala, bazandu-se in principal pe criteriile formale
Rome IV aplicate in medii de specialitate, acopera doar o fractiune din povara reala a bolii.
Pacientii ramasi continud sa& experimenteze simptome care afecteazd calitatea vietii,
genereaza anxietate si pot determina consultati medicale repetate fara rezolvare.
Magnitudinea acestui decalaj intr-o cohorta din vestul Romaniei adauga la dovezile limitate din
contexte est-europene si sugereaza ca fenomenul aisbergului este o caracteristica
fundamentala a DGBI-urilor, determinata de complexitatea simptomelor, suprapunerea cu alte
conditii si subrecunoasterea istorica.

Constatarea ca simptomele neuro-vegetative predomina are implicatii clinice critice:
clinicienii din ingrijirea primara pot intalni pacienti care se prezinta in principal cu palpitatii,
transpiratie sau ameteli fara a le recunoaste ca manifestari ale unei tulburari gastrointestinale
functionale subiacente, ceea ce contribuie la investigatii cardiace sau neurologice inutile.
Proeminenta simptomelor autonome ofera dovezi suplimentare pentru centralitatea axei
intestin—creier, nervul vag jucand un rol critic in modularea atat a motilitatii gastrointestinale,
cat si a tonusului autonom cardiovascular. Fenotipul dominant de constipatie (raport 4:1) este
semnificativ din punct de vedere clinic si poate reflecta tiparele alimentare regionale sau
consecintele neintentionate ale dietelor restrictive autoimpuse. Prevalenta ridicata a meselor
neregulate si a alimentatiei distrase este in concordanta cu cercetarile emergente privind
crononutritia, sugerand ca astfel de tipare pot perturba ritmurile circadiene ale microbiomului
intestinal.

Asocierea dintre un IMC crescut si statutul DGBI are, de asemenea, implicatii
importante pentru axa microbiota—intestin—creier. Disbioza asociata obezitatii poate contribui la
alterarea comunicarii intestin-creier, agravand potential atat simptomele gastrointestinale, cat
si neurovegetative. Grasimea viscerala produce citokine si adipokine pro-inflamatorii care pot
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modifica permeabilitatea intestinala, pot modula functia imunitara in mucoasa intestinala si pot
contribui la inflamatia de grad scazut observata frecvent la pacientii cu DGBI. Aceste
constatari sugereaza ca gestionarea greutatii ar putea fi o componenta importanta, dar adesea
trecuta cu vederea, a unei strategii holistice de management DGBI.

Constatarea paradoxald a gustéarilor merita o interpretare clinica atenta. In loc sa indice
un efect protector, aceasta asociere reflectd mai probabil evitarea alimentelor conditionata de
experiente negative cu simptome. Pacientii cu simptome gastrointestinale functionale cronice
invata, prin conditionare negativa, ca alimentatia frecventd declanseaza balonare, distensie
abdominala si reflex gastrocolic exagerat, ceea ce ii determina sa adopte tipare alimentare
restrictive. Acest comportament adaptiv, desi de inteles din perspectiva pacientului, poate
paradoxal sa agraveze rezultatele prin limitarea varietatii diete, contributia la deficientele
nutritionale si potential agravarea disbiozei intestinale. Clinicienii ar trebui sa recunoasca faptul
ca pacientii cu DGBI pot deja sa isi impuna singuri restrictii alimentare care nu sunt optime din
punct de vedere nutritional, iar consilierea alimentara ar trebui sa abordeze atat gestionarea
simptomelor, cat si adecvarea nutritionala.

CAPITOLUL 6: MODULAREA MICROBIOMULUI GHIDATA DE IA iN IBD REFRACTAR:
EFECTE ASUPRA REZULTATELOR CLINICE Sl INFLAMATORII

6.1. Context si metode de studiu

Boala inflamatorie intestinala ramane o afectiune complexa, cronica, caracterizata prin
recidive imprevizibile, leziuni intestinale progresive si o afectare semnificativa a calitatii vietii.
In ciuda evolutiei optiunilor terapeutice, o proportie substantiala a pacientilor experimenteaza
un raspuns primar lipsit de raspuns la biologice sau isi pierd treptat eficacitatea. Majoritatea
terapiilor disponibile actioneaza in aval, tintind inflamatia, nu factorii biologici radacina.
Abordarile conventionale ale microbiomului (interventii alimentare, probiotice, FMT) au produs
rezultate variabile, Tn mare parte datorita variabilitatii extraordinare interindividuale in
compozitia microbiana si raspunsul gazdei.

Acesta a fost un studiu exploratoriu practic, nerandomizat, prospectiv, cu un singur brat,
deschis, realizat la Clinica de Gastroenterologie si Hepatologie, Spitalul de Urgenta Judetean
"Pius Brinzeu", Timisoara. Studiul a inclus 358 de adulti cu IBD moderat spre sever, refractar
la tratament (215 UC [60,0%], 143 CD [40,0%]; varsta medie 42,7 + 15,3 ani; 52,2% barbati;
IMC mediu 24,5 + 6,2 kg/m?). Toti pacientii au esuat cel putin trei regimuri terapeutice
anterioare; 67,6% au primit biologice, 22,6% corticosteroizi. Perioada de interventie a fost de 3
luni, cu un control de siguranta de 1 luna.

Evaluarea de baza a cuprins trei fluxuri de date complementare: secventierea
metagenomica shotgun (lllumina NovaSeq) pentru profilarea taxonomica si functionala a
microbiomului; profilarea biomarkerilor sanguini (hs-CRP, vitamina B12, vitamina D, fier, zinc,
calciu); si fenotipizare digitald structuratd care surprinde tiparele alimentare, istoricul
medicatiei si traiectoriile bolilor. Interventia personalizata a fost ghidatd de platforma
NostraBiome, care a folosit modele de invatare automata supravegheate (arbori decizionali
crescuti cu gradient si selectie de caracteristici de ansamblu) antrenate pe peste un milion de
surse stiintifice. Planurile de interventie au inclus ghidare dieteticid de precizie, formulari
simbiotice adaptate, antimicrobiene tintite atunci cand semnaturile patogene depaseau
pragurile definite si corectia micronutrientilor. Punctul final principal a fost schimbarea unui
indice compozit de control al colonului; criterile secundare au inclus biomarkeri inflamatori,
starea micronutrientilor, calitatea vietii (SIBDQ) si abundenta taxonilor microbieni. Analizele
statistice au folosit teste t pereche, teste Wilcoxon cu rang semnat, PERMANOVA, ALDEX2 si
corectia FDR.
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6.2. Rezultate

Raspunsul clinic a fost substantial: frecventa medie a scaunelor a scazut de la 8,87 *
2,05 1a 2,76 £ 1,11 scaune pe zi (reducere de 6,11, p < 0,001). Urgenta si sdngerarea rectala
s-au rezolvat la 91,3% dintre pacienti (327/358). Peste 70% (n = 256) si-au evaluat conditia ca
fiind "mult imbunatatitd". Nu au fost raportate evenimente adverse in perioada studiului,
indicand ca interventia personalizata a fost bine tolerata intr-o populatie diversa si cu risc
ridicat.

Normalizarea biomarkerilor inflamatori a fost indeaproape paralela cu imbunatatirile
clinice: hs-CRP s-a normalizat la 91,0% dintre pacientii crescuti la nivelul initial (201/221), in
timp ce calprotectina fecala s-a normalizat la 87,5% (196/224). Deficientele minerale (fier,
zinc) s-au normalizat la 79,0% dintre participantii afectati, in timp ce deficientele de vitamine
(B12, D) s-au normalizat la 31,6%. Toate modificarile au fost semnificative statistic (p < 0,001).
Calitatea vietii s-a imbunatatit dramatic: 93,0% (n = 333) au raportat "mult imbunatatite" la
SIBDQ, cu doar 3,1% neschimbate si 2,5% agravate.

Au fost observate cresteri semnificative in taxonii microbieni benefici cheie:
Bifidobacterium longum (imbunatatire cu 77,1%), Faecalibacterium prausnitzii (38,8%),
Roseburia intestinalis (30,4%), Akkermansia muciniphila (21,5%), Eubacterium rectale (18,7%)
si Ruminococcus bromii (5,6%). Toate modificarile au fost semnificative statistic dupa corectia
FDR (q < 0,05). Extinderea comensalelor producatoare de SCFA, impreuna cu cresterea
numarului de A. muciniphila, sustine imbunatatirea functiei barierei si a reglarii imune, in
concordanta cu dovezi anterioare care leaga acesti taxoni de vindecarea mucoasa si
reducerea riscului de recidiva.

Un punct forte unic al acestui studiu consta in coerenta multidimensionala a
rezultatelor. Analizele radar si de corelatie au aratat ca imbunatatirile in controlul scaunului,
povara inflamatorie, echilibrul micronutritional si calitatea vietii au avut loc in paralel, sugerand
efecte sistemice, nu izolate. Acest tipar integrat diferentiazd modularea microbiomului de
terapiile conventionale imunosupresoare. Magnitudinea imbunatatirii depaseste cea raportata
in studiile biologice pivotante (infliximab ACT 1/2: remisie 34-39% in saptamana 8;
adalimumab ULTRA 2: remisie 16-21%), desi comparatia directa este limitatd de diferentele
de design al studiului.

6.3. Concluzii

Modularea microbiomului multi-omic, ghidata de Al, a fost asociatda cu o imbunatatire
constanta si clinic semnificativa la pacientii cu IBD refractara la tratament. Alinierea dintre
recuperarea simptomatica, normalizarea biochimica si restaurarea microbiana sugereaza ca
interventia actioneaza prin mecanisme integrate de reparare epiteliala, reglare imuna si
reechilibrare metabolica, mai degraba decat printr-un simplu control al simptomelor.
imbunatéatirea paraleld intre subgrupurile UC si CD sustine robustetea si generalizabilitatea.
Totusi, designul cu un singur brat, open-label, exclude inferenta cauzalg; Tmbunété’girile pot
reflecta partial regresia la medie, cresterea implicarii pacientilor sau efectele asteptate.
Algoritmul proprietar Al nu a fost auditat independent, endpoint-urile endoscopice nu au fost
incluse, iar urmarirea de 3 luni nu abordeaza durabilitatea pe termen lung. Pentru validarea
definitiva sunt necesare studii controlate randomizate cu urmarire mai lunga si rezultate
endoscopice.

Dintr-o perspectiva patofiziologica mai larga, aceste descoperiri sustin ipoteza ca IBD
este, in esenta, o tulburare a simbiozei gazda—microbiom perturbata. Ciclul cronic de disbioza,
leziuni epiteliale, activare imuna si disbioza suplimentara formeazéa un cerc vicios autosustinut
care perpetueaza inflamatia. Rezultatele sugereazd ca modularea personalizata a
microbiomului poate intrerupe acest ciclu in mai multe puncte: prin reintroducerea speciilor
benefice, imbunatatirea functiei barierei, reducerea incarcaturii antigenice luminale si
restaurarea armoniei metabolice. Utilizarea IA pentru a interpreta interactiuni complexe multi-
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omice si a ghida interventiile adaptive reprezinta o schimbare de paradigma in gestionarea
bolilor inflamatorii cronice.

Comparatia cu terapiile microbiome existente contextualizeaza aceste constatari.
Interventiile dietetice sau probiotice anterioare au produs efecte modeste sau inconsistente,
limitate in mare parte la CU usoara. Transplantul microbiotei fecale, desi conceptual similar,
este limitat de variabilitatea donatorului, instabilitatea ingertei si invazivitatea procedurala. in
contrast, strategia multi-omica, curatoriata de Al, combina profunzimea biologica a profilarii
omice cu adaptabilitatea designului individualizat, depasind potential variabilitatea
interindividuala care limiteaza terapiile generice cu microbiom. Normalizarea inflamatorie
observata , in special reducerea hs-CRP si a calprotectinei fecale la peste 85% dintre pacienti
, ofera validare biochimica in concordanta cu cadrul tratament-tinta in IBD, unde normalizarea
biomarkerilor insoteste controlul sustinut al simptomaticilor si recuperarea mucoasa.

CONCLUZII GENERALE SI CONTRIBUTII ORIGINALE

Aceasta teza de doctorat a fost dezvoltata pornind de la premisa ca tiparele alimentare
reprezinta expuneri biologic active, capabile sa modeleze sanatatea gastrointestinala si
metabolica prin interactiuni complexe cu microbiomul intestinal. Rezultatele obtinute in cele
trei studii originale sustin aceasta perspectiva si contureaza un cadru translational coerent
care leaga expunerea dietetica de rezultatele clinice din diferite etape ale spectrului bolii.

Sinteza teoretica a stabilit ca tiparele alimentare constituie cel mai relevant nivel de
expunere nutritionala in gastroenterologie, actionand prin mecanisme integrate ce implica
metabolismul microbian, functia barierei epiteliale, semnalizarea imuna si reglarea
epigenetica. Tiparele alimentare occidentale apar ca factori constanti ai disbiozei si inflamatiei,
in timp ce tiparele mediteraneene si cele orientate spre plante sustin diversitatea microbiana,
productia de SCFA si raspunsurile antiinflamatoare.

Studiul 1 a demonstrat ca, la adullii tineri, comportamentele alimentare caracterizate
prin consumul frecvent de fast-food si metode de gatire la temperaturi ridicate sunt asociate cu
modificari metabolice timpurii, independent de IMC, pozitionand inceputul maturitatii ca o
fereastra critica pentru interventie. Prevalenta de 21,1% a prediabetului si relatia doza-raspuns
cu consumul de fast-food ofera dovezi noi legate de biomarkeri dintr-o populatie universitara
romaneasca. Studiul 2 a aratat ca povara simptomelor gastrointestinale functionale depaseste
cu mult cazurile diagnosticate formal (raport de subdiagnostic 10,8:1), manifestarile
neurovegetative predominand in detrimentul plangerilor clasice de tranzit. Asocierea robusta
dintre IMC si statutul DGBI, impreuna cu evitarea adaptiva a gustarilor, sustine o intelegere
multidimensionala care integreaza componentele metabolice, comportamentale si axa
intestin—creier. Studiul 3 a demonstrat cd modularea tintitd a microbiomului ghidata de Al
poate realiza imbunatatiri clinice, biochimice si microbiologice masurabile la pacientii cu IBD
refractar deja confirmata, cu modificari paralele pe mai multe domenii care ofera un semnal
biologic coerent.

Convergenta constatarilor din capitolele tezei sustine o evolutie consecventa: de la
expuneri dietetice timpurii care influenteaza biomarkerii metabolici la adulti tineri sanatosi, prin
modularea comunicarii intestin-creier prin comportamente alimentare si stare metabolica, pana
la manipularea directd a microbiomului intestinal pentru beneficii terapeutice. ldentificarea
taxonilor microbieni specifici (F. prausnitzii, B. longum, A. muciniphila) atat ca corelati ai
activitatii bolii, cat si ca tinte ale interventiei intareste teza conform careia microbiomul
intestinal serveste ca un mediator central care leaga dieta, functia imunitara si rezultatele
clinice.

Variabilitatea observata in raspunsurile alimentare si profilurile microbiene evidentiaza
limitele recomandarilor generalizate si subliniaza necesitatea unor abordari individualizate.
Natura bidirectionala a relatiei dieta—boala , in care tulburarile gastrointestinale remodeleaza
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toleranta alimentara, alegerile alimentare si absorbtia nutrientilor, care la randul lor
influenteaza microbiomul si evolutia bolii , trebuie recunoscuta in dezvoltarea unor strategii
terapeutice durabile.

Contributii originale

1. Prima dovada legata de biomarkeri care demonstreaza asocieri intre tiparele
alimentare, metodele de gatit si riscul de prediabet la studentii universitari romani, inclusiv
identificarea fenotipului metabolic nesanatos al greutatii normale la o populatie tanara adulta.

2. Cuantificarea icebergului simptomatic in DGBI intr-un cadru clinic est-european, cu
un raport de subdiagnostic de 10,8:1, si demonstrarea predominantei simptomelor
neurovegetative fatd de plangerile clasice de tranzit.

3. Identificarea IMC ca fiind cel mai robust corelat al statutului DGBI (d Cohen = 0,71) si
caracterizarea reducerii gustarilor ca comportament adaptiv de evitare in tulburarile
gastrointestinale functionale.

4. Una dintre cele mai mari evaluari reale ale modularii microbiomului multi-omic
ghidata de Al in IBD refractar (n = 358), demonstrand coerenta multidimensionala a
imbunatatirilor in domeniile clinic, inflamatorie, nutritional, microbiene si ale calitatii vietii.

5. Integrarea epidemiologiei dietetice la nivel de populatie, fenotiparea clinica a
tulburarilor de interactiune intestin-creier si interventia bazata pe microbiom de precizie intr-un
singur cadru translational care leaga dieta, microbiomul si rezultatele clinice de-a lungul
continuumului bolii.

Directii viitoare

Din aceasta lucrare apar mai multe directii pentru cercetari ulterioare. Sunt necesare
studii longitudinale prospective pentru a confirma daca modificarile metabolice timpurii
identificate in Studiul 1 prezic traiectoriile cardiometabolice pe termen lung si pentru a clarifica
relatiile temporale dintre expunerile dietetice si rezultatele glicemice. Studiile epidemiologice
bazate pe comunitate sunt necesare pentru a valida magnitudinea aisbergului simptomatic
identificat in Studiul 2 in afara mediului clinic si pentru a evalua daca abordarile mai largi de
screening pot reduce intarzierile diagnostice. Sunt necesare studii controlate randomizate cu
urmarire mai lunga, criterii endoscopice si histologice si populatii diverse de pacienti pentru a
stabili eficacitatea definitiva a modularii microbiomului ghidata de Al si pentru a determina
durabilitatea imbunatatirilor clinice.

Dezvoltarea de biomarkeri obiectivi fiabili ai expunerii dietetice, standardizarea
masuratorilor de rezultat in studiile de interventie dietetica si ajustarea sistematica pentru
factorii de confuzie cheie, cum ar fi utilizarea medicamentelor cu supresor de acid, reprezinta
prioritati metodologice esentiale. Integrarea datelor multi-omice in instrumente clinice
accesibile si eficiente din punct de vedere al costurilor raméne un pas critic spre
implementarea nutritiei de precizie in practica gastroenterologica de rutina. in cele din urma,
cercetarea ar trebui sa abordeze implicatiile etice, economice si echitabile ale abordarilor
nutritionale de precizie, asigurand ca progresele in terapiile informate de microbiom sunt
accesibile populatiilor diverse, nu restrictionate la medii bine dotate cu resurse.

In concluzie, aceastd tezad sustine repozitionarea dietei dintr-un factor contextual al
relevanta biologica si clinica directa. Prin integrarea observatiilor epidemiologice, fenotipurilor
clinice si interventiilor bazate pe microbiom intr-un model unificat, munca contribuie la o
intelegere mai cuprinzatoare a axei dieta—microbiom—gazda si sustine dezvoltarea unor
abordari individualizate, bazate pe mecanisme, in practica clinica.



