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XIVth SISMEC National Congress

SISMEC Congress 2026

PATIENT-REPORTED OUTCOME MEASURES (PROMs) 
IN THE AGE OF ARTIFICIAL INTELLIGENCE

The Role and Challenges of the Biostatistician in Elevating the Patient’s Voice

24-25 SEPTEMBER 2026 – PARMA

NH PARMA

Viale Paolo Borsellino, 31 - 43122 Parma

Artificial Intelligence is revolutionizing how we evaluate clinical outcomes and quality of care.

In this scenario, Patient-Reported Outcome Measures (PROMs) represent a valuable and still partially 
unexplored resource. The congress brings together Italian experts to explore the potential of AI applied 
to patient-centric data, focusing on predictive methodologies, integration into care pathways, and ethical 
and clinical perspectives.

The intersection of PROMs and AI offers significant opportunities, but it also poses methodological, ethi-
cal, and practical challenges that require a critical and rigorous contribution from biostatisticians. The pro-
gram pays special attention to data quality, model validation, reproducibility, transferability into clinical 
practice, and national and international research projects.
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Useful Information

CONGRESS VENUE

NH Parma, Viale Paolo Borsellino 31 - 43122 Parma

HOW TO GET TO THE CONGRESS VENUE

The hotel is located within the train station complex, 
just a short walk from the historic center.

Parma is easily reachable via:

A1 Milan–Bologna motorway (Parma Centro exit)

A15 Parma–La Spezia motorway

From the ring road, follow the signs for Stazione FS 
(train station).

The hotel has a paid parking available.

Public transport

The train station is the main hub for urban transport.

Several bus lines connect the station with all areas of 
the city; the stop is just a few meters from the hotel.

On foot

Parma’s historic center (Cathedral, Baptistery, Pilot-
ta) is about a 10-minute walk away.

ONLINE PROGRAM AND UPDATES

NH Parma - External view

CONTACTS

congresso2026@sismec.info

ORGANIZATIONAL OFFICE

MI&T srl - Provider n. 1509 

Valeria Cavaliere

Centro Direzionale Bolomnia, Via Guelfa 5 - 40138 
Bologna

Cell. 331 8088131 - Tel. 051 220427

valeria.cavaliere@mitcongressi.it

CONGRESS WEBSITE

www.sismec.info/congresso2026/
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Congress Program

THURSDAY 24 SEPTEMBER
WORKSHOPS, MEETINGS, AND PLENARY SESSIONS

09:30-12:30

WORKSHOP SISMEC - Collaborare per imparare: il Team-Based Lear-
ning nella didattica della statistica medica
Free event reserved for the first 30 registered participants
Lecturer: Prof. Marina di Carro - University of Genoa

13:00-13:30 Assembly of the Board of Full Professors of Medical Statistics

13:30-14:30 Assembly of the Board of Professors and Researchers in Medical  
Statistics

13:45:14:00 Congress Participant Registration

13:30-15:00 Coffee Station

14:30-15:30 SISMEC Members’ Assembly

15:30-16:00
Opening of the Conference
Opening Remarks – Welcome Message – Greetings from the Authorities
Simona Villani, Giuseppe Maglietta

PLENARY SESSION
DALLA VOCE DEL PAZIENTE ALLA PREDIZIONE: PROMs E AI TRA EVIDENZE E LIMITI
Curators: Danila Azzolina and Antonino Musolino

16:00-16:25
Dai dati del paziente alla decisione clinica
PROMs e AI nella pratica reale
Massimo Di Maio - Presidente AIOM

16:25-16:50
I Discrete Choice Experiments dalla teoria alla pratica clinica
Misurare le preferenze di pazienti e clinici per ottimizzare l’alleanza terapeutica
Patrizio Pasqualetti - Università La Sapienza

16:50-17:15
L’AI può prevedere la voce del paziente?
Evidenze, limiti e prospettive
Fabio Efficace - GIMEMA

17:15-17:40
Dai PROMs alle decisioni
Integrare preferenze e modelli decisionali
Paola Berchialla - Università Torino

17:40-18:00 General dicussion

20:00 Social dinner
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FRIDAY 25 SEPTEMBER
PROJECTS, APPLICATIONS, AND SCIENTIFIC CONTRIBUTIONS

09:00-09:30 Assembly of Full Professors

PLENARY SESSION
DAI MODELLI AI SISTEMI REALI: ESPERIENZE DA PROGETTI EUROPEI E INTERNAZIO-
NALI SU PROMs E AI
Curators: Matteo Puntoni and Elena Giovanna Bignami

09:00-09:25
Dai dati alle decisioni
Piattaforme integrate e AI per una medicina patient-centered
Dario Gregori - Università di Padova

09:25-09:50
Intelligenza artificiale e salute della donna
Integrare PROMs per una medicina più equa e personalizzata
Giorgia Garganese and Stefania Boccia - Policlinico Gemelli

09:50-10:15
Dalla raccolta dei PROMs ai sistemi intelligenti
Architetture per l’integrazione e l’analisi
Giuseppe Fico - Universidad Politécnica de Madrid

10:15-10:40
PROMs e intelligenza artificiale
Global PROMs Initiative per una ricerca centrata sulla persona
Giampaolo Brichetto - AISM

10:40-11:00 General dicussion

11:00-12:45
Parallel Sessions
Oral & Short Presentations

12:45-13:45 Lunch Break

13:45-15:30
Parallel Sessions
Oral & Short Presentations

15:30-16:00
Best Scientific Contribution Award
Closing Remarks & Conference Conclusion
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INTRODUCTION

Ecosystem services (ES) are the benefits people derive 
from ecosystems and are increasingly recognised as impor-
tant determinants of human health and well-being. ES flow 
represents the services actually delivered and used, while 
demand reflects societal needs. Spatial information on ES is 
essential to support land management and prioritise interven-
tions where services are most needed. 

OBJECTIVES

We mapped municipal-scale flow and demand for 
health-related ES in Italy, analysed geographic patterns, and 
developed a dataset to support targeted interventions.

METHODS

We selected eight health-related regulating ES, i.e., reg-
ulation of local climate, air quality, waste, erosion, water 
flow, pest and disease control, natural hazard protection, and 
water purification. We used the matrices from Burkhard et al. 
(2014) [1] to assign expert-based estimated levels of ES flow 
and demand to 44 Land Cover classes across Italy using the 
2018 CORINE dataset. We assessed ES distribution at the 
municipal scale using two approaches: 1) percentage of mu-
nicipal areas with high ES flow (or demand) based on 2021 
census tract boundaries; 2) a population-weighted measure 

using the 2023 Global Human Settlement (GHS) dataset, 
estimating for each municipality the average percentage of 
areas within 300 m of GHS grid centroids with high ES flow 
(or demand).

RESULTS 

Nationwide, the percentage of municipal areas with high 
ES flow was generally low, with median values ranging from 
19% (air quality regulation) to 47% (pest and disease con-
trol), decreasing to 3–27%, respectively, when weighted for 
the population. The lowest flows occurred in lowland, coast-
al, and urban areas. In contrast, ES demand was high across 
most municipalities, with a median of 67–68% of municipal 
areas showing high demand (31% for water purification), ris-
ing to 94% (78% for water purification) when weighted for the 
population. High-demand municipalities were predominantly 
in urban areas and lowlands.

CONCLUSIONS

This study provides the first national-scale mapping of 
health-related ES flow and demand in Italy. Results highlight 
low ES availability and high demand in most municipalities, 
particularly in urban and lowland areas, underscoring the 
need for planning strategies to improve ecosystem services 
and population well-being.
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INTRODUCTION

Familial pancreatic cancer (PC) accounts for approximately 
5–10% of all PC cases and is frequently associated with ag-
gregation of extrapancreatic malignancies (EMs) within affect-
ed families. Nevertheless, the epidemiologic profile of EMs in 
familial PC kindreds, including clustering patterns, parental lin-
eage distribution, and age at onset, remains incompletely char-
acterized in large registry-based familial cohorts.

OBJECTIVES

To investigate the spectrum, clustering patterns, parental 
lineage distribution, and early-onset occurrence of extra-
pancreatic malignancies in families enrolled in the Italian 
Registry of Families at Risk for Pancreatic Cancer (IRFARPC), 
and to contextualize age-at-onset patterns against popula-
tion-based cancer registry estimates (AIRTUM). 

METHODS

We conducted a registry-based analysis of baseline ped-
igree data from the IRFARPC (2019–2025), including 1,228 
index subjects with familial PC and 3,765 unique relatives 

(1,846 first-degree and 1,618 second-degree relatives). 
EMs were evaluated at the family level, and clustering was 
assessed according to the number of distinct EM sites within 
each pedigree. Lineage-specific analyses were restricted to 
second-degree relatives with documented maternal or pa-
ternal attribution. Maternal-to-paternal (M/P) ratios were 
calculated for each EM site to evaluate lineage asymmetry. 
Age-at-diagnosis distributions and proportions of early-onset 
cancers (<50 years) were descriptively compared with age- 
and sex-specific estimates from Italian population-based can-
cer registries (AIRTUM 2013–2017).

RESULTS

Overall, 47.9% of index subjects reported at least one 
EM within their family history, while 20.5% showed cluster-
ing of ≥2 distinct extrapancreatic cancer sites. Breast (n=306; 
19.3% of families), colorectal (n=178; 11.8%), lung (n=124; 
9.0%), and prostate cancer (n=105; 7.7%) were the most 
frequently reported EMs. Breast cancer represented the most 
common EM in both maternal (5.0%) and paternal (4.7%) lin-
eages and showed a near-symmetric distribution (M/P ratio: 
1.07), suggesting a possible autosomal susceptibility pattern. 
In contrast, lung cancer showed a higher representation along 
paternal lineages (M/P ratio: 0.61), whereas uterine–ovari-
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Extrapancreatic Cancer Aggregation in Familial 
Pancreatic Cancer: A Registry-Based Analysis 
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an cancers (M/P ratio: 2.12) and hematologic malignancies 
(M/P ratio: 2.38) showed relative maternal enrichment. PC 
remained predominantly late onset, with 3.6% of cases di-
agnosed before age 50, consistent with AIRTUM estimates 
(3.9%). Conversely, early-onset occurrence was descriptively 
higher than population-based estimates for uterine–ovarian 
cancers (+3.8 percentage points vs. AIRTUM) and hemato-
logic malignancies (+2.8 percentage points).

CONCLUSIONS

Familial PC is associated with a heterogeneous spectrum 
of EMs characterized by differential clustering across cancer 
sites and parental lineages. The balanced maternal–paternal 
distribution observed for breast cancer supports an autosomal 
susceptibility pattern, whereas the maternal predominance 
of uterine–ovarian and hematologic malignancies may be 
compatible with inherited predisposition pathways, including 
BRCA1/2-related mechanisms. The paternal predominance 
observed for lung cancer may also be influenced by shared 
environmental or behavioral exposures.
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INTRODUCTION

Adolescence represents a critical period for the adoption 
of healthy behaviors that may influence health throughout the 
life course. Among these, regular physical activity and ad-
herence to the Mediterranean Diet (MD) are recognized as 
important determinants of health. In recent years, growing 
attention has been paid to green exercise (GE), defined as 
physical activity performed in natural environments such as 
urban parks, beaches, mountains, rural areas, or sports facili-
ties characterized by a high presence of green spaces, due to 
its potential benefits for physical and psychological well-be-
ing.

OBJECTIVES

To assess the association between physical activity, partic-
ipation in GE, and adherence to the MD among adolescents.

METHODS

A multicenter cross-sectional study was conducted in 10 
secondary schools located across five Italian regions (Pied-
mont, Lombardy, Tuscany, Lazio, and Apulia). Sociodemo-
graphic, anthropometric, and lifestyle-related information 
was collected through a self-administered online question-
naire. Physical activity was defined as engaging in moder-
ate-to-vigorous physical activity for at least 50 minutes, at 

least three times per week. GE was defined as participation 
in physical activity in natural environments at least once per 
week. Adherence to the MD was assessed using the KIDMED 
questionnaire and classified as low, medium, or high adher-
ence. Associations between variables were evaluated using 
the χ² test, with statistical significance set at p<0.05. The study 
was reported according to the STROBE Statement recommen-
dations for observational studies. Statistical analyses were 
performed using SPSS software. Ethical acknowledgment 
was obtained from the CET Lazio Area 5 Ethics Committee 
(No. 122/SR/24).

RESULTS

A total of 1,714 adolescents were included, with a mean 
age of 16.1 years (SD=1.7) and a mean BMI of 21.2 kg/
m² (SD=3.2). Preliminary analyses showed a statistically sig-
nificant association between GE participation (at least once 
per week) and MD adherence levels (p<0.001), with a high-
er prevalence of high MD adherence among GE participants 
compared with non-participants (30.7% vs. 18.9%).

A significant association was also observed between en-
gaging in moderate-to-vigorous physical activity at least three 
times per week and MD adherence (p<0.001). Specifically, 
the prevalence of high MD adherence was greater among 
physically active adolescents than among their inactive peers 
(24.8% vs. 11.3%).

No significant associations were found between GE par-
ticipation and sex (p=0.175) or BMI categories (p=0.053). 
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Similarly, no significant associations were observed between 
MD adherence levels and sex (p=0.644) or BMI categories 
(p=0.578).

CONCLUSIONS

Preliminary findings suggest that regular physical activity 
and participation in activities performed in natural environ-
ments are associated with greater adherence to the Mediter-
ranean Diet among adolescents. These findings support the 
importance of integrated health promotion strategies aimed 
at simultaneously encouraging physical activity, contact with 
natural environments, and healthy dietary behaviors during 
adolescence
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INTRODUCTION

Multiple sclerosis (MS) is a chronic immune-mediated 
neurological disorder of the central nervous system and a 
leading cause of neurological disability. Vitamin C, due to 
its antioxidant and neuroprotective properties, has been hy-
pothesized to reduce MS risk, but epidemiological evidence 
remains limited and inconsistent. Furthermore, it is unclear 
whether its association varies according to an individual’s ge-
netic susceptibility to MS.

OBJECTIVES

This study aimed to evaluate the association between vi-
tamin C supplementation and MS risk, and to assess whether 
this relationship is modified by the MS polygenic risk score 
(MS-PRS) for MS.

METHODS

To this aim we conducted a prospective cohort study us-
ing UK Biobank data, including 486,908 adults aged 37-
70 years free of neurological disease at baseline. Vitamin C 
supplementation was self-reported at recruitment. Incident 
MS cases were identified during a median follow-up of 13.5 
years. Propensity score-based Inverse Probability of Treat-
ment Weighting (IPTW) was used to balance a wide range 
of demographic, lifestyle, dietary, health-related, and supple-
ment-use confounders. Weighted Cox proportional hazards 

models were used to estimate hazard ratios (HRs). Further-
more, we examined whether the association differed accord-
ing to genetic susceptibility to MS, measured using MS-PRS. 

RESULTS

During follow-up, 452 participants were diagnosed with 
MS. Vitamin C supplementation was reported by 8.8% of 
participants and was associated with a 49% lower risk of MS 
(HR=0.51, [95% CI: 0.32; 0.82], p=0.004). The estimate was 
robust across multiple sensitivity analyses, including a nega-
tive control outcome analysis. The association was stronger 
among individuals with higher MS-PRS (HR=0.31, [95% CI: 
0.17; 0.55], p<0.001), whereas no significant association 
was observed among those with lower MS-PRS. No interac-
tion was observed by sex or age, although estimates suggest-
ed a potentially stronger association in younger individuals.

CONCLUSIONS

In this large prospective cohort, vitamin C supplementation 
was associated with a lower risk of incident MS, particularly 
among individuals with higher genetic susceptibility. Although 
residual confounding cannot be excluded, the consistency of 
the association in this large prospective cohort and its biolog-
ical plausibility support further investigation of vitamin C as a 
candidate modifiable factor for MS prevention.
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INTRODUCTION

Sepsis is a life-threatening condition associated with high 
morbidity and mortality, in which early diagnosis is crucial for 
improving clinical outcomes. Routine haematological param-
eters generated by automated analyzers have emerged as 
promising biomarkers for sepsis detection due to their rapid 
availability and low cost.

OBJECTIVES

The principal aim was to investigate the predictive value of 
routine hematochemical parameters for sepsis diagnosis and 
to construct a validated multivariable logistic regression mod-
el. Particular attention was given to variable selection, mod-
el validation, and cut-off optimization through the weighted 
Youden index to maximize sensitivity while maintaining high 
specificity.

METHODS

A total of 597 subjects admitted to the Emergency De-
partment were included and the sample was randomly divid-
ed into training (n = 427; 71.5%) and validation datasets (n 
= 170; 28.5%). Dataset homogeneity was assessed through 
independent samples t-tests and chi-square tests with effect size 
estimation (Cohen’s d and Cramer’s V). Multicollinearity was 
evaluated using variance inflation factors (VIF > 10 threshold) 
and univariate logistic regression analyses were initially per-
formed to identify candidate predictors associated with sepsis, 
with variable preselection based on statistical significance and 

sensitivity > 0.70. A forward stepwise multivariable logistic re-
gression approach was subsequently applied (entry p = 0.05; 
removal p = 0.10). Model fit was evaluated using Nagelkerke’s 
R² and Akaike Information Criterion (AIC). Discriminative ability 
was assessed using ROC curves, area under the curve (AUC), 
sensitivity, specificity, and weighted Youden index (Jw). Since 
minimizing false negatives represented the main clinical prior-
ity, multiple probability thresholds (0.25–0.75) were tested to 
optimize classification performance.

RESULTS

Most hematochemical parameters differed significant-
ly between sepsis and non-sepsis groups. Nine variables 
demonstrated strong discriminatory performance in univariate 
analyses (sensitivity > 0.70). The final multivariable model in-
cluded ten predictors and demonstrated excellent goodness-
of-fit (Nagelkerke’s R² = 0.947; AIC = 84.689). At the con-
ventional threshold (0.50), sensitivity and specificity reached 
97.12% and 97.26% in the training dataset, and 92.96% and 
96.67% in validation. Threshold optimization identified 0.31 
as the optimal cut-off (Jw = 0.9796), increasing sensitivity to 
99.04% while maintaining specificity at 96.35%, substantially 
reducing false negatives.

CONCLUSIONS

The proposed statistical framework enabled the develop-
ment of a highly discriminative and robust predictive model 
for sepsis detection. The prioritization of sensitivity-driven 
threshold optimization improved clinical applicability by mini-
mizing missed diagnoses while preserving high specificity.
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INTRODUCTION

People with multiple sclerosis (MS) require coordinat-
ed care across multiple professionals, with potential risks of 
fragmentation and discontinuity. Within the activities of the 
Observatory on MS Policy at AISM, the Italian MS Founda-
tion conducted two national surveys among people with MS 
(PwMS) and MS Clinical Centres (MSCCs). Patient experi-
ence of integrated care was measured using the Integrated 
Care Experience Scale for Multiple Sclerosis (ICES-MS), a 
validated MS-specific patient-reported experience measure. 
Linking patient- and MSCC-level data enables assessment of 
how MS centre characteristics relate to patients’ experience 
of integrated care.

OBJECTIVES

To assess the association between organizational charac-
teristics of MSCCs and patient-reported experience of inte-
grated care, measured using the ICES-MS, while accounting 
for individual patient characteristics and within-centre corre-
lation.

METHODS

Data were derived from two national cross-sectional sur-
veys conducted by the Italian Multiple Sclerosis Foundation 
in 2026: one among Italian MS Clinical Centres and one 
among people with MS. The primary outcome was the to-
tal ICES-MS score, obtained by summing 8 items rated on a 
0–3 Likert scale and rescaled to 0–100, with higher scores 
indicating integrated and person-centred care. Multilevel 

linear regression models with a centre-specific random inter-
cept were fitted to account for patients nested within centres. 
Models were adjusted for centre-level and individual patient 
characteristics. The intraclass correlation coefficient (ICC) was 
estimated to quantify between-centre variability.

RESULTS

Overall, 966 people with MS from 135 MSCCs were 
included. In the null model, the ICC was 0.046, indicating 
that 4.6% of ICES-MS variability was attributable to the cen-
tre level. The fully adjusted model was statistically significant 
(Wald χ²(20)=127.75, p<0.001). Compared with the refer-
ence area (South and Islands), ICES-MS scores were high-
er in PwMS treated by MSCC in Central Italy (β=8.77; 95% 
CI: 4.52 to 13.02), North-East Italy (β=9.66; 95% CI: 4.84 
to 14.49), and North-West Italy (β=9.80; 95% CI: 5.40 to 
14.21). Those treated in medium-sized centres showed higher 
scores than small centres (β=8.60; 95% CI: 3.28 to 13.93), 
whereas the association for large centres was not statistically 
significant (β=4.72; 95% CI: -0.91 to 10.34). PwMS treated 
in centres providing care based on a local integrated care 
pathway had higher scores than other centres (β=4.16; 95% 
CI: 0.10 to 8.22). Critical waiting times reported by clinicians 
were associated with lower scores (β=-5.11; 95% CI: -9.75 
to -0.48). Increasing EDSS levels were associated with lower 
ICES-MS scores: β = -5.46 for the moderate group (95% CI: 
-9.11 to -1.82, p = 0.003) and β = -8.51 for the high group 
(95% CI: -13.87 to -3.15, p = 0.002). In the adjusted model, 
the ICC decreased to approximately 0.012.
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CONCLUSIONS

Patient-reported experience of integrated and per-
son-centred care showed limited but detectable variability 
across MS Clinical Centres. Higher ICES-MS scores were as-
sociated with medium-sized centres, a local integrated care 
pathway, and follow-up at centres located in Northern or 
Central Italy, whereas critical waiting times and higher disa-
bility levels were associated with lower scores. These findings 
suggest that both organizational/contextual characteristics of 
MS Clinical Centres and individual patient factors may influ-
ence patients’ experience of integrated care.
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INTRODUCTION

The widespread adoption of generative artificial intelli-
gence (AI) tools across multiple areas of medical practice, 
together with their predictive, diagnostic, and therapeutic ap-
plications, has raised growing interest in understanding health-
care professionals’ acceptance, use, and perceptions of this 
technology. At the same time, evidence suggests that AI imple-
mentation, particularly in the absence of adequate competen-
cies, may contribute to technology-related stress (technostress).

OBJECTIVES

This study aimed to investigate the mechanism through 
which AI perceptions influence technostress through the medi-
ating role of AI acceptance among radiologists, a profession-
al group particularly exposed to AI applications in clinical 
practice. In addition, the study examined whether self-effica-
cy, defined as individuals’ beliefs in their capabilities to ex-
ecute behaviors necessary to achieve specific performance 
outcomes (Bandura, 1982), moderates the relationship be-
tween AI perceptions and acceptance.

METHODS

A sample of 71 physicians working at the Department of 
Radiology and Diagnostic Imaging of the University Hospi-
tal “Paolo Giaccone” of Palermo completed an online ques-

tionnaire administered through Google Forms. The survey 
included the AI Perception Scale (Shinners et al., 2022), the 
Acceptance Scale (Venkatesh et al., 2012), the Self-Efficacy 
Scale (Venkatesh et al., 2003), and the Technostress Scale 
(Tarafdar et al., 2007), which assesses overall technostress, 
techno-overload, techno-complexity/insecurity, and tech-
no-uncertainty. 

For each construct, exploratory factor analysis (EFA) was 
conducted to identify the underlying factor structure, followed 
by confirmatory factor analysis (CFA) to evaluate the fit of the 
measurement model against competing alternatives. Model fit 
was assessed using the Chi-square/df ratio (≤3), Root Mean 
Square Error of Approximation (RMSEA ≤0.08), Comparative 
Fit Index (CFI ≥0.90), Tucker–Lewis Index (TLI ≥0.90), and 
Standardized Root Mean Square Residual (SRMR ≤0.08). 
Akaike Information Criterion (AIC) and Bayesian Information 
Criterion (BIC) were used to compare competing models, with 
lower values indicating better fit. Conditional indirect effects 
of Perceptions of AI on technostress outcomes through AI Ac-
ceptance, were estimated at low (−1 SD), mean, and high 
(+1 SD) levels of Self-Efficacy, using the moderated mediation 
model implemented through the PROCESS macro Model 7 
(Hayes, 2022) with 5000 bootstrap samples and bias-cor-
rected 95% confidence intervals.

RESULTS

AI perception was directly and positively associated with 
overall technostress (b = 0.57, 95% CI = 0.21–0.93), tech-
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no-overload (b = 0.58, 95% CI = 0.16–1.00), and tech-
no-complexity/insecurity (b = 0.83, 95% CI = 0.42–1.23), 
but not with techno-uncertainty (b = −0.02, 95% CI = −0.46–
0.43). AI acceptance was directly and negatively associated 
with the same outcomes (e.g., overall technostress: b = −0.55, 
95% CI = −0.91 to −0.18). Furthermore, significant indirect ef-
fects of AI perception on technostress through AI acceptance 
emerged at both low (b = −0.36, 95% CI = −0.65 to −0.11) 
and moderate (b = −0.28, 95% CI = −0.53 to −0.09) levels 
of self-efficacy.

CONCLUSIONS

The findings suggest that AI perceptions influence tech-
nostress both directly and indirectly through AI acceptance. 
Therefore, the implementation of AI as a support tool for ra-
diologists in routine clinical practice should aim to mitigate 
technostress by promoting AI acceptance, strengthening pro-
fessional competencies, and addressing workload demands 
and organizational clarity.
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INTRODUCTION

Acinetobacter baumannii is recognized by the World 
Health Organization (WHO) as one of the ESKAPE priority 
pathogens because of its environmental persistence and abil-
ity to acquire antimicrobial resistance. Carbapenem-resistant 
A. baumannii (CRAb) has been included in the WHO Glob-
al Priority List of Antibiotic-Resistant Bacteria since 2017 and 
remains a critical threat. In Europe, CRAb is responsible for 
a substantial burden of healthcare-associated infections and 
mortality, particularly among critically ill patients.

OBJECTIVES

To evaluate temporal trends in antimicrobial resistance 
among clinical isolates of Acinetobacter baumannii collect-
ed at the Microbiology Laboratory of the University Hospital 
“Paolo Giaccone” of Palermo over a 13-year period (2013–
2025).

METHODS

A retrospective analysis was conducted on all clinical iso-
lates of A. baumannii collected between 2013 and 2025 (N 
= 3,010). One isolate per patient was included. Data collect-
ed comprised year of isolation, patient demographics (age 
and sex), hospital ward (Intensive Care Unit/Emergency, 
Medical Area, Surgical Area), and biological sample type. 

Antimicrobial susceptibility testing was performed against 
polymyxins, fluoroquinolones, aminoglycosides, and carbap-
enems. Isolates were classified as multidrug-resistant (MDR) 
when resistant to at least three antimicrobial classes. 

Comparisons between MDR and non-MDR isolates were 
performed using chi-square or Fisher’s exact tests for cate-
gorical variables and the Kruskal–Wallis test for age. To 
identify independent predictors of MDR isolation and eval-
uate temporal variability, a mixed-effects logistic regression 
model was applied, with isolates nested within years. Age, 
sex, clinical area, and sample type were included as fixed 
effects, while year of isolation was modelled as a random ef-
fect. Results were reported as adjusted odds ratios (ORs) with 
95% confidence intervals (95% CIs).

RESULTS

Among the 3,010 isolates analyzed, 2,727 (90.6%) 
were classified as MDR. Patients were predominantly male 
(60.3%), with a mean age of 71.0 ± 15.7 years; 71.4% were 
aged 65 years or older. Most isolates originated from Inten-
sive Care/Emergency Units (43.8%), followed by Medical 
(33.9%) and Surgical Wards (21.0%). 

Resistance rates remained consistently high throughout the 
study period, reaching 95.8% for carbapenems, 95.1% for 
fluoroquinolones, and 91.0% for aminoglycosides. Polymyx-
in resistance remained low (1.6%). Univariable analyses did 
not identify significant associations between patient or clinical 
characteristics and MDR status. In the mixed-effects model, 
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age emerged as the only independent predictor of MDR iso-
lation (OR 1.01; 95% CI 1.00–1.02; p = 0.019). Significant 
between-year variability was observed (random intercept 
SD = 0.404; 95% CI 0.046–0.526). Year-specific analyses 
showed a significantly increased probability of MDR isolation 
in 2020, whereas significantly lower-than-expected odds 
were observed in 2022 and 2023.

CONCLUSIONS

The observed temporal variability suggests that health-
care-system factors, beyond individual patient characteris-
tics, influenced MDR A. baumannii circulation. The increase 
observed in 2020 coincided with the COVID-19 pandem-
ic, characterized by increased intensive care admissions, 
broad-spectrum antibiotic use, prolonged mechanical ven-
tilation, and critical care overcrowding. Conversely, the re-
duction observed in 2022–2023 may reflect strengthened 
infection prevention and control measures and reduced anti-
biotic selective pressure associated with declining COVID-19-
related critical care admissions.
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INTRODUCTION

Paediatric palliative care (PPC) is a medical subspecialty 
that aims to improve the quality of life for children with life-lim-
iting or life-threatening illnesses. PPC focuses on the needs of 
patients and families and is rooted in communication and 
collaboration between healthcare teams, children, and their 
relatives to align medical interventions with family goals and 
values. Given the specific features of this field, patient and 
public involvement (PPI) is expected to significantly improve 
the relevance of systematic reviews on this topic by identifying 
outcomes that are important to patients and their families, and 
by making results more accessible to stakeholders.

OBJECTIVES 

Quantify and describe PPI in PPC reviews.

METHODS

A librarian performed a systematic search, with the objec-
tive of mapping PPI in PPC reviews, on PubMed, EMBASE and 
Cochrane databases, retrieving systematic reviews from in-
ception to March 2026. We used a free-text search and the-
saurus descriptors search (MeSH -Pubmed and Emtree-Em-
base) to select papers following a PICO model. Then we 
managed the retrieved results using a specific tool. Following 
this preliminary data, we are conducting an umbrella review 
to further analyze the topic. 

RESULTS

Our systematic literature search retrieved 731 referenc-
es, reduced to 581 after deduplication. Three independent 
reviewers screened the references and, after consensus, 123 
satisfied inclusion criteria; three full texts couldn’t be retrieved. 
Nine over 120 papers benefited from PPI at various stages of 
the review, mostly during planning and dissemination. These 
reviews were all from European countries and were published 
in the last decade. Some of the reviews without PPI explored 
technical and management aspects. A big majority of them 
were focused on patients’ and families’ feelings and needs. 

CONCLUSION

PPI involvement in PPC reviews is still limited in numbers 
and kind of contribution, with differences between countries. 
A bigger work on the topic is going on with the involvement of 
personnel of a PPC team and representatives of PPC parents’ 
association to better quantify and describe PPI in PPC reviews, 
while evaluating its effects on enhancing the relevance, qual-
ity, and dissemination of research. Geographical and cultural 
differences in the topic will also be explored.
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INTRODUCTION

Workplace accidents are defined as unintended, unfore-
seen events that occur during employment and result in physi-
cal or psychological injury, illness, or death. They are a signif-
icant source of morbidity and mortality worldwide, with major 
consequences for public health, the economy, and workers’ 
quality of life. 

In Italy, nearly 600,000 events were documented in 
2024, resulting in over 1,000 deaths. Analysing the settings 
and dynamics of these events, as well as the sociodemo-
graphic characteristics of the victims, would provide a deeper 
understanding of the phenomenon and identify potential pre-
ventive measures.

OBJECTIVES

This study aims to provide a detailed epidemiological 
analysis of workplace accidents in Liguria between 2023 and 
2025. It will draw up a risk profile of the victims, paying par-
ticular attention to equity and considering the potential impact 
of differential vulnerability on foreign workers.

METHODS

A retrospective evaluation was conducted on data from 
the DATIS/SINIACA registry, considering all Emergency 

Care Unit (ECU) admissions in Liguria due to workplace acci-
dents between 1 January 2023 and 31 December 2025. The 
victims and events were described using absolute and per-
centage frequencies for categorical variables and the mean 
and standard deviation (SD) for quantitative data. Seasonal 
and geographical trends were also studied. Risk ratios were 
calculated for specific occupational risk categories, using 
direct standardisation to compare different populations. The 
data were analysed using Stata 18 SE® software.

RESULTS

A total of 53,382 workplace accidents were recorded 
during the three-year study period (2023–2025). The geo-
graphical distribution showed a higher incidence of events in 
the province of Genoa. Accidents occur more frequently on 
weekdays. A seasonal pattern was observed, with a higher 
number of incidents during spring and early summer, consist-
ent with previous findings, and a peak in July. Most injured 
workers were male (66%), and the age group most frequently 
affected was 45–54 years (25.1%). Foreign nationals ac-
counted for 17.2% of all cases.

Among Italian workers, incidence rates were 11.04, 
11.26, and 10.51 per 1,000 people at risk in 2023, 2024, 
and 2025, respectively. Age- and sex-standardized inci-
dence rates among foreign workers, using the Italian working 
population as the reference population, were 17.43, 17.69, 
and 16.36 per 1,000 workers at risk in 2023, 2024, and 
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2025, respectively. Foreign workers experienced a signifi-
cantly higher risk of occupational injury compared with Italian 
workers for all the years of surveillance (2023: IRR = 1.58; 
2024: IRR 1.57; 2025: IRR 1.56).

CONCLUSIONS

This study reports on the epidemiological characteristics 
of workplace accidents in Liguria over a three-year period. 
The results reveal different risk profiles for Italian and foreign 
citizens in relation to these events. Unfortunately, details on 
workplace settings and the dynamics of the accidents were 
unavailable. Nevertheless, such data warrant further studies 
to identify the reasons for these inequalities and to determine 
preventative measures that could be adopted to address the 
problem.
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INTRODUCTION

Violence is a complex phenomenon with significant phys-
ical and psychological consequences and multifactorial 
determinants, requiring a multidisciplinary approach. Epide-
miological data is often fragmented and underestimated. Ac-
cording to the World Health Organization, there are around 
475,000 homicides and hundreds of millions of non-fatal vi-
olent incidents occur each year, resulting in substantial long-
term consequences. 

OBJECTIVE

This study aimed to quantify violence events in Liguria and 
to describe their relationship with sociodemographic char-
acteristics of people involved. Routinely collected healthcare 
data can inform surveillance and prevention strategies. Tem-
poral trends were analyzed with a focus on the effect of the 
pandemic on the phenomenon. 

METHODS

A retrospective study was conducted, collecting data on 
all emergency department (ED) visits for violence and self-
harm recorded in a northern Italian region between January 
2016 and September 2025 from the regional healthcare data 
warehouse. Descriptive analyses were performed to charac-

terize temporal and sociodemographic patterns. An Interrupt-
ed Time Series based on a Poisson model was used to assess 
changes associated with the lockdown measures implement-
ed during the pandemic.

RESULTS

During the study period, 5,541,712 ED visits were record-
ed, of which 54,321 (0.98%) were related to violence. Rates 
varied across provinces. Foreign nationals accounted for ap-
proximately one-third of visits, with an increasing trend over 
time, suggesting possible inequalities in risk exposure. Visits 
were more frequent among males, during evening and night-
time hours, on weekends, and in the summer months, consist-
ent with contexts of increased social interaction.

The ITSA model demonstrated no significant pre-interven-
tion trends both for Italian (IRR 0.999; p = 0.605) and foreign 
residents (IRR 0.997; p = 0.191), indicating stable incidence 
prior to the lockdown. In a similar way, there was no evidence 
of an immediate level change at the onset of COVID pandemic 
restrictions, while a marked and statistically significant reduc-
tion in incidence was observed during the lockdown period 
in both groups, with an approximate 59% and 57% decrease 
in admissions respectively for Italians and foreign residents. 
The post-COVID trend highlighted differences among the two 
population groups, as Italians’ trajectory of violence-related 
ED admissions did not vary (IRR 1.002; p = 0.488), while 
a significant change in the post-intervention trend was ob-
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served for foreign residents (IRR 1.007; p = 0.027), indicating 
a modest but statistically significant increase in incidence over 
time following the lockdown in this group.

CONCLUSIONS

This study provides a reliable, population-based picture 
of violence-related ED visits in a Northern Italian region over 
the last decade. It identifies population groups at greater risk 
-particularly young adult males and foreign nationals- as well 
as temporal and geographical patterns, suggesting clear tar-
gets for preventive and supportive interventions. The differen-
tial impact of the pandemic on interpersonal violence, and the 
diverging post-lockdown trends between Italian and foreign 
residents, highlight the role of social contexts and structural 
inequalities in shaping violence-related outcomes. These find-
ings underscore the epidemiological relevance of violence as 
a public health issue and call for evidence-based policies, 
targeted prevention strategies, and the strengthening of sur-
veillance systems within healthcare and social services.
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INTRODUCTION

Indoor air quality control in school environments is a rel-
evant public health issue. Effective ventilation contributes to 
reducing health risks associated with pollutants and infectious 
aerosols. Controlled mechanical ventilation (CMV) systems, 
designed for air exchange in confined spaces, may be a strat-
egy to improve microclimatic parameters.

OBJECTIVES

To evaluate the effect of CMV systems specifically de-
signed for air exchange on indoor carbon dioxide (CO₂) 
concentrations (as an indirect indicator of ventilation and sys-
tem effectiveness) and indoor air temperature (a parameter 
related to comfort and energy efficiency) in classrooms of a 
primary school in Bolzano.

METHODS

In the necessARIA project, coordinated by the Auton-
omous Province of Bolzano and funded by the Ministry of 
Health (PREV-A-2022-12377013 project), 18 classrooms 
were monitored using Aranet PRO sensors. Measurements of 
CO₂ (ppm) and temperature (°C) were recorded every min-
ute during October and November 2024. Among these, 11 
classrooms had no CMV systems, 5 were equipped with CMV 
designed for radon mitigation, and 2 were equipped with 
CMV designed to guarantee ventilation rates in accordance 
with current building regulations. The activation of the CMV 
systems in the latter two classrooms on November 1st pro-

vided a quasi-experimental setting, allowing for controlled 
pre-post comparison between classrooms with air-exchange 
CMV activation and classrooms without such activation, 
serving as control groups. Analyses were limited to actual 
occupancy hours (8:00 AM – 1:00 PM on school days). To 
account for classroom-specific temporal patterns and to deal 
with autocorrelation, the analyses were conducted separately 
for each classroom, using generalized least-squares models 
with autoregressive moving-average error structures: ARMA 
2,1 for log CO2 and ARMA 1,1 for indoor air temperature. 
Predictors for both CO2 and indoor air temperature included 
month, day of the week, and a spline-modeled time function. 
Indoor air temperature and external air temperature were 
also considered in the analyses of CO2 and air temperature, 
respectively. For each outcome, a meta-analysis stratified by 
CMV type was conducted on the coefficient for month (No-
vember vs October) derived from the models.

RESULTS

Descriptive analysis showed that, between October and 
November, the median CO₂ concentration rose from 1097 
ppm to 1306 ppm (+19.1%) in classrooms without CMV, and 
from 1042 ppm to 1279 ppm (+22.7%) in classrooms with 
radon CMV. In contrast, in classrooms with CMV designed 
for air exchange, the median CO₂ concentration decreased 
from 1072 ppm to 979 ppm (-8.7%) after activation on 1 No-
vember. Indoor air temperature decreased slightly across all 
groups. The metanalysis of coefficients confirmed these results: 
the activation of CMV designed to meet ventilation standards 
was associated with a reduction in indoor CO₂ levels in the 
post-intervention phase compared to the pre-intervention 
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phase (−7% in geometric mean), while during the same pe-
riod, an increase was observed in classrooms without CMV 
(+17%) and in those with radon CMV (+31%). No relevant 
differences between groups were observed for indoor air 
temperature.

CONCLUSIONS

These findings suggest that systems specifically designed 
for air exchange contribute to reducing indoor CO₂ levels in 
educational settings without compromising thermal comfort.
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INTRODUCTION

Observational studies in acute ischemic stroke are vul-
nerable to confounding by indication and treatment-selec-
tion bias, potentially distorting treatment-effect estimates. 
Propensity score methods can improve comparability be-
tween exposure groups and support more reliable inter-
pretation of registry-based evidence. The Italian Registry of 
Endovascular Treatment in Acute Stroke (IRETAS) is an on-
going multicenter registry of patients undergoing endovas-
cular thrombectomy (EVT).

OBJECTIVE

To assess the impact of propensity score-based methods 
on exposure–outcome effect estimates in two large observa-
tional EVT cohorts.

METHODS

Data were obtained from the IRETAS registry. Two inde-
pendent cohorts were analyzed: a tandem occlusion cohort 
(n=2,148), comparing dissection-related versus atherosclerot-
ic etiology, and an antithrombotic therapy cohort (n=10,662), 
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comparing patients receiving any antithrombotic therapy be-
fore stroke onset with untreated patients. Associations were 
first estimated in unmatched cohorts using regression models 
appropriate for binary and ordinal outcomes.

Propensity score approaches were tailored to the expo-
sure-group structure of each cohort. In the tandem cohort, 
dissection-related cases represented approximately 11% of 
patients; therefore, different propensity score matching strate-
gies were evaluated to identify the approach best suited to the 
case-mix, balancing covariate comparability, sample-size 
retention, and precision. In the antithrombotic cohort, the 
smaller exposure group represented approximately 37% of 
patients; therefore, full matching was used to retain the entire 
study population while improving covariate balance and pre-
serving precision. In this cohort, a hierarchical testing strategy 
was applied, first evaluating any pre-stroke antithrombotic 
therapy versus no therapy and subsequently assessing wheth-
er associations differed between antiplatelet therapy and oral 
anticoagulants. Balance was assessed using standardized 
mean differences and Love plots. After propensity score ad-
justment, associations were re-estimated using weighted gen-
eralized estimating equation models, incorporating propensi-
ty score-derived weights and accounting for the matched or 
weighted design.

RESULTS

Substantial baseline imbalances were observed in both 
cohorts before adjustment. In the tandem cohort, propensity 
score matching generated a balanced matched population 
of 713 patients: 224 with dissection-related and 489 with 
atherosclerotic etiology. Before matching, dissection-related 
etiology was associated with higher odds of functional inde-
pendence at 90 days, defined as mRS 0–2, compared with 
atherosclerotic etiology (OR 2.31, 95% CI 1.75–3.06). After 
matching, the association was attenuated and no longer sta-
tistically significant (OR 1.33, 95% CI 0.94–1.83; p=0.115).

In the antithrombotic cohort, full matching retained all 
patients while substantially improving covariate balance. 
Before matching, any pre-stroke antithrombotic therapy was 
associated with a less favorable 90-day mRS distribution 
compared with no therapy (OR 0.85, 95% CI 0.80–0.92). 
After matching, this association disappeared (OR 1.03, 95% 
CI 0.96–1.11). In the hierarchical analysis by antithrombot-
ic class, APLT changed from a negative association before 
matching (OR 0.90, 95% CI 0.83–0.98; p=0.011) to a posi-
tive association after matching (OR 1.10, 95% CI 1.01–1.19; 
p=0.038), whereas the association for OAC was attenuated 
after matching.

CONCLUSIONS

In two EVT registry applications, propensity score-based 
methods materially changed the interpretation of crude ex-
posure–outcome associations. Apparent clinically relevant 
differences were markedly attenuated or reversed after bal-
ancing baseline characteristics, highlighting the role of con-
founding and treatment-selection bias in observational stroke 
research.
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INTRODUCTION

People with multiple sclerosis (pwMS) require coordi-
nated care across multiple professionals and services. Pa-
tient-reported experience measures (PREMs) can help assess 
whether care is perceived as integrated and person-centred. 
Gender-related differences in healthcare needs, disease bur-
den, and interactions with healthcare systems may contribute 
to inequalities in perceived care experience. However, these 
differences may vary according to individual characteristics.

OBJECTIVES

To investigate whether gender is associated with PREMs of 
integrated care, measured using the Integrated Care Experi-
ence Scale for Multiple Sclerosis (ICES-MS), and to explore 
potential intersectional effects between gender and individu-
al-level characteristics.

METHODS

Data were obtained from a national survey on pwMS 
conducted by the Italian MS Foundation in 2026. The prima-
ry outcome was the ICES-MS total score, rescaled to 0-100, 
with higher scores indicating better experience of integrated 
and person-centred care. Multilevel linear regression models 
with a random intercept for MS Clinical Centre were fitted 
to account for clustering of patients within centres. The main 
individual-level model included gender, age, disability level 
(mild, moderate, severe), area of residence (North, Center, 
South/Islands), occupational status (employed, unem-
ployed), and disease duration. To explore intersectionality, 

separate interaction models were fitted between gender and 
age, disability level, area of residence, occupational status, 
and disease duration. Adjusted predicted means were esti-
mated for relevant subgroups.

RESULTS

Overall, 1,520 pwMS from 222 MS Clinical Centres were 
included. In the main individual-level model, being a man 
was associated with a slightly higher ICES-MS scores com-
pared to with being a woman (β=2.69; 95% CI: 0.20 to 5.17; 
p=0.034). Compared with severe disability, mild disability 
was strongly associated with higher ICES-MS scores (β=9.76; 
95% CI: 5.90 to 13.61; p<0.001), while moderate disability 
showed a borderline association (β=3.97; 95% CI: -0.03 to 
7.97; p=0.052). Area of residence was also significantly as-
sociated with ICES-MS scores, with higher scores observed in 
all areas compared to South/Islands. Longer disease dura-
tion was associated with lower scores (β=-0.15 per year; 95% 
CI: -0.28 to -0.03; p=0.017), whereas age and occupational 
status were not significantly associated with the outcome.

No statistically significant interactions were found be-
tween gender and age, disability level, area of residence, 
occupational status, or disease duration. Adjusted predict-
ed means showed consistent descriptive patterns: ICES-MS 
scores tended to be higher among men, among people with 
mild disability, in the North and the Centre, and in patients 
with shorter disease duration. However, since the interaction 
terms were not statistically significant, these findings suggest 
additive differences rather than clear evidence of intersection-
al effects between gender and individual characteristics.
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CONCLUSIONS

Gender, disability level, area of residence, and disease 
duration were associated with PREMs of integrated care 
among pwMS. However, no robust evidence of gender-based 
intersectional effects was observed across the individual char-
acteristics examined. Multilevel modelling provided an ap-
propriate framework to account for the hierarchical structure 
of the data and to estimate adjusted subgroup differences. 
These findings suggest that gender differences in ICES-MS 
scores exist, suggesting that interventions aimed at improving 
integrated care experience should primarily address clinical 
complexity and disease progression, while monitoring poten-
tial gender-related differences.
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BACKGROUND

As part of the INSINERGIA national project, funded under 
the National Complementary Plan – “Health, Environment, 
Biodiversity and Climate” Program, a human biomonitoring 
study has been launched in several Sites of National Interest 
(SINs) for environmental remediation. Human biomonitoring 
represents a key tool for public health and prevention tool, 
allowing the measurement of environmental contaminants or 
their metabolites in biological matrices and providing an in-
tegrated and directed assessment of individual exposure from 
multiple sources and pathways. Among the SINs involved the 
site in Falconara Marittima (Ancona, Italy) is of particular rel-
evance due to its long-standing industrial activities and the 
potential risk of environmental contamination associated with 
the sources of pressure present in the area.

OBJECTIVES

The study aims to assess exposure to environmental con-
taminants among residents of the municipality of Falconara 
Marittima, an area included within the SIN.

METHODS

This is a national multicenter cross-sectional study with a 
low level of intervention. The project involves 13 SINs across 
9 Italian regions and plans to recruit approximately 2,600 

participants, about 200 subjects for each operational unit. 
Eligible subjects are adults aged 20–50 years who have 
continuously resided in the study area for at least five years. 
Individuals with occupational exposure to the contaminants 
under investigation and those unable to provide informed 
participation will be excluded.

For the Falconara Marittima SIN, the population was 
classified according to environmental exposure levels using 
a threshold derived from a PM10 dispersion model based on 
pollutant iso-concentration estimates. A balanced stratified 
random sampling was implemented, with strata defined by 
sex (male/female), age group (20–34 and 35–50 years), 
and environmental exposure level (high/low), using data 
from the regional healthcare beneficiary’s database. To ac-
count for expected non-response, additional subjects were 
randomly selected within each stratum.

Data collection will include questionnaires on sociode-
mographic characteristics, lifestyle factors, and environmental 
risk perception. Clinical and anamnestic information, anthro-
pometric and vital parameters, and blood and urine samples 
will also be collected.	

Laboratory analyses will include biomarkers of exposure, 
such as heavy metals, aromatic and aliphatic compounds, 
polycyclic aromatic hydrocarbons (PAHs), per- and poly-
fluoroalkyl substances (PFAS), and polychlorinated biphenyls 
(PCBs). Biomarkers of effect, including inflammatory cytokines 
and biochemical-clinical indicators (hematological, metabol-
ic, and endocrine profiles), as well as genetic susceptibility 
biomarkers (single nucleotide polymorphisms), will also be 
evaluated.
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Descriptive and appropriate group comparison tests will 
be used to evaluate differences in exposure levels and bio-
logical indicators. Associations between exposure and effect 
biomarkers will be assessed using generalized linear models 
(GLMs) adjusted for potential confounders, including age, 
sex, smoking status and other covariates.

RESULTS

The study is currently in the implementation phase. The or-
ganizational framework, site logistics, and biological sample 
management procedures have been established. Data collec-
tion is scheduled for June–July 2026.

CONCLUSIONS

The study represents the first integrated human biomoni-
toring model in the field of environmental-health of this com-
plexity and scope to be developed in the Marche Region. The 
study is expected to provide valuable evidence for exposure 
assessment and support the planning of public health inter-
ventions in environmentally contaminated areas.



37

INTRODUCTION

Bevacizumab was approved for targeted therapy of 
ovarian cancer in 2011 by the European Medicines Agen-
cy, with the subsequent introduction of PARP (poly[AD-
P]-ribose polymerase) inhibitors in 2014. Improvements in 
outcomes of cytoreductive surgery occurred in parallel in 
many regions. 

OBJECTIVES

Population-based studies evaluating survival trends in 
the context of modern treatment are sparse. Our prima-
ry objective was to assess variations in net survival trends 
across grouped calendar periods during the period in 
which targeted therapies were introduced.

METHODS 

Nationwide data were derived from the Center for 
Cancer Registry Data at the Robert Koch Institute. Expect-
ed mortality rates were derived from German life tables 
provided from the Federal Statistical Office of Germany 
and stratified by age, calendar year and federal state. 
Cases were diagnosed between January 1, 2010 and 
December 31, 2023. Survival time was computed as the 
period between a patient’s cancer diagnosis and their 
death, or December 31, 2023. We defined the following 
four calendar periods for diagnosis: 2010–2012: largely 

pre-targeted therapy period; 2013–2016: period follow-
ing the initial introduction of bevacizumab; 2017–2019: 
period following the initial introduction of PARP inhibitors; 
2020–2023: targeted therapy period. Excess hazard and 
net survival across the selected periods were estimated 
using flexible parametric models within a relative survival 
framework. The models were stratified by histology and in-
cluded period of diagnosis, stage group (I–II, III–IV), natu-
ral splines of age at diagnosis, and area of residence. Net 
survival and excess hazard were predicted from models 
for females with median age at diagnosis, residing in the 
most common area (Central Area) and for each diagnosis 
period, histological subtype, and stage group.

RESULTS

A total of 62,447 ovarian cancer cases were included. 
A total of 74% of cases were of high-grade serous histol-
ogy and 66% of cases were diagnosed at stage III or IV. 
Excess hazards differed substantially by histotype, and 
also within histotype by time since diagnosis. Among in-
dividuals with the predominant high-grade serous tumours, 
as well as endometroid tumours, the excess mortality haz-
ard was notably lower in the most recent diagnosis period 
(2020-2023), as compared to the earliest period (2010-
2012). For high-grade serous and endometroid tumours, 3- 
and 5-years net survival increased over the entire period. 
Survival patterns over time differed among the other histo-
types, with more modest differences across the evaluated 
time periods. 
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CONCLUSIONS 

Ovarian cancer survival in Germany has improved be-
tween 2010 and 2023, specifically for the high-grade serous 
and endometrioid histotypes. This coincides with the introduc-
tion of targeted therapies, as well as with improvements in 
debulking surgery. There remains a need for further studies 
aimed at enabling earlier diagnosis and improving prognosis 
in ovarian cancer, as well as for research to develop and re-
fine novel treatments plans tailored to histotypes. 
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INTRODUCTION

Colorectal cancer (CRC) is inversely associated with di-
etary fiber intake. Prebiotic fibers are a subgroup of dietary 
fibers defined as non-digestible compounds selectively uti-
lized by the gut microbiota, potentially influencing intestinal 
homeostasis. Some prebiotics such as inulin-type fructans 
(ITF) and galacto-oligosaccharides (GOS) have been inves-
tigated in relation to CRC risk, but epidemiological evidence 
is inconsistent. A large case-control study reported inverse as-
sociations for GOS, while findings for ITF are generally null. 
Overall, data on specific prebiotic fibers and CRC risk remain 
limited.

OBJECTIVES

To investigate the association between intake of specific 
prebiotic fibers, including ITF, fructo-oligosaccharides (FOS) 
and GOS and CRC risk in an Italian case-control study.

METHODS

We analyzed data from a multicentric case-control study 
conducted in Milan (Italy) between 2017 and 2019, including 
100 histologically confirmed CRC cases and 200 controls, of 
whom 100 had intestinal adenomas (IA) and 100 were IA- and 
cancer-free. Cases and controls were individually matched by 
study center, sex, and age (±5 years). Diet was assessed using 
a validated food frequency questionnaire. Intake of prebiotic 
fibers, namely ITF, total and specific FOS (kestose, nystose and 
fructofuranosyl-nystose), total and specific GOS (stachyose 
and raffinose) was estimated using ad hoc composition data-
bases. Energy intake was derived from the Italian food compo-
sition database for epidemiological studies. 

Using a logistic regression model conditioned on the 
matching variables and including terms for education (<7, 
7-11, ≥12 years) and energy intake tertiles, we estimated the 
odds ratios (OR) and the corresponding 95% confidence in-
tervals (CI) of CRC for sex-specific tertiles of prebiotic intake 
(computed on controls). We also estimated the OR for an in-
crement of one SD of prebiotics. P values for trend across ter-
tiles were computed through the Wald χ² test. Analyses were 
additionally stratified by cancer site and sex.

RESULTS

Higher intake of selected prebiotic fibers was associated 
with lower CRC risk. Nystose showed an inverse association 
for the highest versus lowest tertile (OR 0.44; 95% CI 0.22–
0.89), with a significant trend across tertiles. Raffinose was 
inversely associated (continuous OR 0.63; 95% CI 0.43–
0.91), with a stronger inverse association for rectal cancer 
(OR 0.30; 95% CI 0.15–0.63). No consistent associations 
were observed for the other prebiotics.

In stratified analyses, for nystose an inverse association 
was observed in males (OR 0.55; 95% CI 0.43–0.89) but not 
in females (OR 0.95; 95% CI 0.61–1.47; p-heterogeneity = 
0.053). Conversely, for stachyose, an inverse association was 
found in females (OR 0.53; 95% CI 0.31–0.90) but not in males 
(OR 1.24; 95% CI 0.92–1.66; p-heterogeneity = 0.010).

CONCLUSIONS

Nystose and raffinose were inversely associated with 
overall CRC risk, and raffinose showed an inverse associa-
tion with rectal cancer. Sex-specific inverse associations were 
observed for nystose and stachyose. These findings support 
a potential role of selected prebiotic fibers in CRC etiology.
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BACKGROUND

Over the past decades, cancer mortality has declined in 
many high-income countries owing to reductions in exposure 
to tobacco and other risk factors, screening programs, and 
advances in diagnosis and treatment. However, ongoing 
changes in environmental, behavioral, and metabolic risk fac-
tors continue to reshape the epidemiology of cancer. 

OBJECTIVES

To provide a comprehensive assessment of long-term 
cancer incidence and mortality trends in Italy and investigate 
cohort patterns through age-period-cohort (APC) analyses.

METHODS

We used certified mortality data for the period 1980-
2023 from the World Health Organization and the Italian 
National Institute of Statistics databases, incidence data for 
1995-2018 from the European Cancer Information System. 
We computed age-standardized mortality rates (ASMRs) 
and age-standardized incidence rates (ASIRs) using the Se-
gi-Doll world standard population. We described long-term 
trends using locally estimated scatterplot smoothing (LOESS) 
regression. We quantified overall percentage changes be-
tween 2023-2010 for mortality and between 2018-2008 for 
incidence, with 95% confidence intervals (CI) derived from 
a parametric bootstrap assuming Poisson-distributed counts. 
We performed APC analyses using generalized additive 
models with a quasi-Poisson specification. Age, period, and 

cohort effects were modeled using cubic regression splines, 
allowing flexible estimation of nonlinear temporal patterns 
while addressing the identifiability problem inherent to APC 
models.

RESULTS

Between 2010 and 2023, overall mortality de-
clined by 25.5% (95%CI: -26.3%; -24.6%) in males (to 
103.5/100,000) and 13.9% (95%CI: -14.9%; -12.7%) in 
females (to 71.4/100,000), with major reductions for stom-
ach (~35%), lung (~30%) (except for a 15.4% increase in fe-
males aged 50+), and colorectal cancers (~33%). Mortality 
increased for testicular (8.3%), uterine (2.8%), and pancreat-
ic cancer in both sexes (2.0% males, 6.9% females). Among 
young adults (25-49 years), mortality from all cancers de-
clined by 22.1% (95%CI: -26.5%; -17.6%) in males and 
19.2% (95%CI: -23.2%; -14.9%) in females but increased in 
testicular (36.6%), and uterine cancer (16.6%). In this age 
group pancreatic cancer decreased by 21.1%, whereas it 
remained stable in males (2.0%). APC analyses showed de-
clining cohort-specific risks for most cancers among cohorts 
born after approximately 1925. Pancreatic cancer exhibited 
largely stable cohort risks, whereas female lung cancer risk in-
creased up to the 1960 birth cohort before declining in more 
recent generations.

Between 2008 and 2018, overall cancer incidence de-
creased by 10.9% (95%CI: -11.8%; -10.0%)  in males (to 
305.7/100,000) but increased by 2.9% (95%CI: 2.0%; 
4.1%) in females (to 273.7/100,000), with rising trends for 
skin (~70%), thyroid (~25%), testicular (24.2%), and lung 
cancer in females aged 50+ (27.2%). Rates were stable for 
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pancreatic cancer (0.3% in males, 6.7% in females) and in-
creased modestly for breast cancer (3.9%). Among young 
adults, incidence increased in both males by (3.6%, 95%CI: 
-0.4%; 7.7%) and females (10.3%, 95%CI: 7.0%; 13.3%).

CONCLUSIONS

Cancer mortality in Italy has declined substantially over 
recent decades, reflecting the combined effects of smoking 
cessation in men, screening, and therapeutic advances. Nev-
ertheless, less favorable trends persist for selected cancers, 
particularly pancreatic cancer and lung cancer among older 
women. The increasing incidence of cancers associated with 
metabolic, environmental, and lifestyle-related factors high-
lights emerging public health challenges. 
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INTRODUCTION

Colorectal cancer (CRC) is one of the most common ma-
lignancies worldwide. The implementation of screening pro-
grams has been shown to significantly reduce mortality. In-
dividual risk stratification using structured tools may improve 
the efficiency of screening programs by directing resources to 
individuals at higher risk while reducing unnecessary proce-
dures for those at lower risk. However, the available literature 
reveals substantial heterogeneity among existing tools, with 
limited clinical validation and poor integration into screening 
programs.

OBJECTIVES

To systematically map questionnaire-based tools de-
veloped for CRC risk assessment and stratification in aver-
age-risk populations, evaluating their methodological char-
acteristics, applicability, and validation status.

METHODS

A scoping review was conducted following the Arksey 
and O’Malley framework and the Joanna Briggs Institute 
methodology, and reported according to the PRISMA-ScR 
guidelines. Searches were performed in Medline/PubMed, 
Embase, Scopus, and Web of Science up to July 24, 2025. 
Study selection was conducted using the Rayyan platform by 
three reviewers working in parallel. Studies describing, devel-
oping, or validating questionnaire-based tools (paper-based, 
digital, app-based, or risk algorithms) for CRC risk assessment 
in average-risk adults were included. Data extraction was 

performed using a standardized form. ChatGPT was used to 
support preliminary data extraction, which was subsequently 
verified by human reviewers.

RESULTS

A total of 4,554 records were identified. After duplicate 
removal (n=2,467), 2,087 records underwent screening, and 
106 full-text articles were assessed for eligibility. Nineteen 
studies met the inclusion criteria. Studies were published be-
tween 2006 and 2025 and originated from nine countries, 
primarily China, the Netherlands, Norway, and the United 
States. Ten studies (52.6%) developed study-specific tools, 
whereas nine (47.4%) used, adapted, or modified previ-
ously published instruments, most commonly the Asia-Pacific 
Colorectal Screening (APCS) score and its variants. Ques-
tionnaires contained between 4 and 29 items (median: 6), 
covering demographic, clinical, behavioral, and lifestyle-re-
lated risk factors. Measures of discrimination were reported 
in 13 studies, with AUC/C-index values ranging from 0.60 to 
0.89 (median: 0.67). Overall, 40 validation analyses were 
identified across multiple outcomes, including incident CRC, 
advanced neoplasia, and precancerous lesions. Predictive 
performance varied substantially across target populations, 
assessed outcomes, and questionnaire compositions. External 
validation was reported for only a minority of tools.

CONCLUSIONS

This scoping review provides a comprehensive mapping 
of questionnaire-based tools for colorectal cancer risk as-
sessment in average-risk populations. Although several instru-
ments demonstrated acceptable discriminatory performance, 
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substantial heterogeneity was observed in questionnaire con-
tent, target outcomes, modeling approaches, and validation 
strategies. The limited availability of external validation and 
the limited integration of these tools into organized screening 
programs represent important barriers to implementation. Fu-
ture research should prioritize standardization, external vali-
dation, and evaluation of these tools in real-world screening 
settings to support risk-based colorectal cancer screening 
strategies.
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INTRODUCTION

Cardiac arrest is the loss of mechanical cardiac func-
tion and the absence of systemic circulation. When it occurs 
out-of-hospital it is defined out-of-hospital cardiac arrest 
(OHCA). Survival after OHCA does not fully capture recov-
ery, as survivors often experience persistent cognitive, psy-
chological, and functional consequences. Patient-reported 
outcome measures (PROMs) are essential to assess these 
domains, but their longitudinal collection in routine survivor-
ship care depends on patient engagement and retention over 
time. REVIVE is a regional hub-and-spoke survivorship path-
way implemented within the Cardiac Arrest Registry of the 
Lombardy Region (LombardiaCARe) network to coordinate 
post-discharge follow-up after OHCA and standardize the 
assessment of patient-reported outcomes.

OBJECTIVES

To describe the structure of PROM collection within RE-
VIVE and to evaluate patient retention, evaluability, and fol-
low-up completeness over the 2025 calendar year.

METHODS

We conducted a descriptive analysis of the REVIVE study 
between January and December 2025. During this period, 
1,663 OHCA events were admitted to participating hospitals, 
127 patients were eligible for the REVIVE pathway, 99 were 
contacted by the hub psychologist after signing informed con-
sent, and 67 completed at least one assessment. REVIVE is 
structured as a hub-and-spoke pathway, with a specialist hub 
coordinating post-discharge follow-up and outcome assess-
ment across participating hospitals. PROMs and related out-
comes were collected at predefined timepoints and included 
discharge, 1 month, 3 months, and 6 months after the OHCA 
event. The PROMs assessed were anxiety and depression 
(HADS), post-traumatic stress symptoms (IES-R), cognitive 
performance (MoCA), and health-related quality of life (EQ-
5D-5L), together with a clinical semi-structured interview. The 
analysis focused on the number of patients contributing at 
each timepoint and on the availability of at least one evalua-
ble PROM per patient.

RESULTS

Among the 99 consenting patients, 67 (67.7%) were 
evaluable and formed the analytic denominator. At the visit 
level, 46 patients had at least one PROM recorded at dis-
charge, 49 at 1 month, 52 at 3 months, and 49 at 6 months. 
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Domain-level completeness was high: HADS was available 
in 66 of 67 evaluable patients (98.5%), while MoCA and 
EQ-5D VAS were available in all evaluable patients (67/67, 
100%). These results suggest that the main methodological 
challenge was not baseline collection, but maintaining patient 
engagement across repeated assessments, which in PROM-
based survivorship care is inherently patient-driven rather 
than passive.

CONCLUSIONS

PROMs add value beyond survival by capturing outcomes 
that matter to OHCA survivors, but their validity depends on 
sustained patient engagement throughout follow-up. In RE-
VIVE, the main challenge was not baseline collection, but 
maintaining retention in a patient-driven and psychologically 
sensitive assessment process, where readiness to participate 
may vary over time. These findings support clear definition of 
the evaluable cohort, transparent reporting of timepoint-spe-
cific completeness, and retention-oriented strategies to im-
prove the quality and interpretability of longitudinal PROM 
data.



46

INTRODUCTION

Telemedicine represents a fundamental innovative tool 
for optimizing the management of chronic diseases such as 
diabetes. However, to effectively support the planning and 
governance of healthcare services, it is crucial to identify the 
profiles of patients accessing this care modality in the real 
world. These analyses are intended to support the planning, 
organization, and governance of healthcare services. 

OBJECTIVES

This study aimed to identify factors associated with the use 
of televisits rather than outpatient follow-up visits among pa-
tients with diabetes in Tuscany between 2021 and 2025. 

METHODS

We conducted a retrospective cohort study based on ad-
ministrative data from the Tuscany Region harmonized by the 
Regional Health Agency (ARS). The population included pa-
tients with a first specialist diabetology visit between January 
1, 2021 and December 31, 2025, defined as the index date. 
To define the characteristics, a one-year observation period 
prior to the index date was considered, defined as the look-
back period. A logistic regression model was used, consid-
ering the type of follow-up visit as the outcome (televisit vs 
outpatient visit as reference). Three models were estimated: 
crude, adjusted for age and gender, and further adjusted 
for the number of comorbidities and the number of different 
fourth level Anatomical Therapeutic Chemical (ATC) codes. 
Since the same individual could contribute multiple observa-
tions, standard errors were estimated using a cluster-robust 
variance estimators at the individual level. 

RESULTS

The cohort included 539,645 diabetology follow-up visits, 
16% of which were conducted as televisits. In the fully adjusted 
model, female gender was directly associated with follow-up 
televisits compared to male gender (odds ratio (OR) 1.12, 
95% confidence interval (CI) 1.08–1.16). Compared with the 
66–85 age group, all other age groups showed a direct as-
sociation with televisits, particularly patients aged 0-18 (OR: 
5.29, CI: 4.76–5.87). Regarding pharmacological complexity, 
patients with 11-20 different fourth level ATC codes and those 
with more than 20 codes presented a direct association with 
televisits, compared to patients with 0-5 ATCs (OR: 1.13, CI: 
1.07–1.19, and OR: 1.60, CI: 1.47–1.73, respectively). Among 
therapies, insulin, antipsychotics, antidepressants, and anti-de-
mentia drugs were directly associated with televisits, while ACE 
inhibitors, SGLT2 inhibitors, beta-blockers, and MRA diuretics 
were inversely associated. Indicators of higher care complex-
ity (admission to long-term care facilities, pre-admission to 
long-term care facilities, hospitalizations in the previous year, 
and 21–100 home care visits) also showed a direct associa-
tion. Among comorbidities, dementia, Parkinson’s disease, and 
stroke were directly associated with televisits, while peripheral 
arterial occlusive disease, acute myocardial infarction, and hy-
pertension were inversely associated. For other conditions (in-
cluding COPD, heart and kidney failure, atrial fibrillation), the 
association disappeared after adjustment. 

CONCLUSIONS

Overall, televisits were associated with socio-demo-
graphic characteristics, particularly gender and age, as well 
as specific clinical-care profiles. In particular, direct associa-
tions emerged between televisits and female gender, younger 
age groups, higher pharmacological complexity, certain indi-
cators of care complexity, and some neurological or chronic 
comorbidities.
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INTRODUCTION

Myelofibrosis (MF) is a BRC::ABL1-negative myeloprolif-
erative neoplasm characterised by a heterogeneous clinical 
phenotype encompassing abnormalities in blood counts, bone 
marrow fibrosis, splenomegaly, constitutional symptoms and 
vascular complications. MF may progress to accelerated phase 
(AP) and blast phase (BP). MF includes primary MF, comprising 
prefibrotic and overt-PMF, and secondary MF, evolving from 
polycythemia vera or essential thrombocythemia. Survival esti-
mates vary from 7 to 14 years according to MF subtype. Prog-
nostic scores define patients’ suitability to stem cell transplant 
(SCT). Apart from SCT, disease burden control relies on JAK 
inhibitors (JAKis), among which Ruxolitinib (RUX) was the first 
approved in Italy. Because of its high cost, RUX dispensing data 
are routinely collected by regional health authorities through 
healthcare utilization databases (HCUDs), enabling the gener-
ation of real-world evidence.

OBJECTIVES

To assess overall survival (OS), time to RUX discontinua-
tion and healthcare resource use in a population of interme-
diate2- and high-risk MF patients who initiated RUX outside a 
clinical trial, using regional HCUD.

METHODS

We conducted a retrospective population-based cohort 
study using HCUD from three Italian regions (Lombardy, Lazio 
and Tuscany) accounting for 20 million inhabitants. The study 
included 652 intermediate2- and high-risk MF patients who 
initiated RUX between October 2014 and December 2017, 
followed through regional data availability (up to Decem-
ber 2023 in Lombardy and Lazio, July 2021 in Tuscany). 
We estimated OS and time to RUX discontinuation using the 
Kaplan-Maier estimator and assessed red blood cell (RBC) 
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transfusions, SCT, hospitalization-related events, and aver-
age individual healthcare costs. We evaluated which factors 
among sex, age classes, year of RUX initiation, RUX starting 
dose, SCT (as time-dependent), and Multisource Comorbidity 
Score (MCS) classes were associated with mortality using a 
multivariable Cox proportional hazard model. Analyses were 
performed separately within each region, and region-specific 
estimates were combined using a two-stage meta-analysis.

RESULTS

Over a median follow-up of 36.8 months, median OS 
was 48.0 months (95%CI: 43.2-51.6), and median time to 
RUX discontinuation was 31.2 months (95%CI: 26.4-36.0). In 
the first 6 months, 408 (69%) patients required no RBC trans-
fusions, 172 (29%) received 1-5 units, and 14 (2%) received 
≥6 units. 10.9% of patients underwent SCT. Incidence rates 
per 100 person-years were 10.30 for infections, 5.47 for sol-
id tumors, 5.22 for AP/BP, 3.47 for bleeding events, and 1.56 
for thrombosis. Mean annual cost per patient was 30,675€. 
Independent predictors of mortality were male sex (vs female: 
HR: 1.59, 95%CI: 1.12-2.23), age 70-79 years (vs <70: HR: 
2.00, 95%CI: 1.60-2.49), age ≥80 years (vs <70: HR: 3.31, 
95%CI: 2.11-5.19), poor MCS (≥15 vs 0-4: HR: 1.97, 95%CI: 
1.45-2.68), and lower starting RUX dose (<20 vs ≥20 mg 
BID: HR: 1.42, 95%CI: 1.10-1.83).

CONCLUSIONS

HCUD provided information on RUX treatment in an un-
selected, real-world population of intermediate2- and high-
risk MF patients. While disease-specific details (e.g., blood 
counts, mutation profile, karyotype) are unavailable in HCUD, 
these data are pivotal for understanding real-world drug use 
and supporting pharmacoeconomic evaluations.
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INTRODUCTION

Parkinson’s disease (PD) is a neurodegenerative disorder 
whose genetics explains only part of the disease risk, suggest-
ing the involvement of non-genetic factors. Epigenetic-drift, 
defined as the accumulation of stochastic epigenetic muta-
tions (SEMs) in DNA, has been implicated in other neurode-
generative diseases but remains poorly characterized in PD.

OBJECTIVES

To investigate the role of global and gene-specific epi-
genetic-drift in PD and assess its relevance across different 
tissues and brain regions affected by the disease.

METHODS

A meta-analytic study design was adopted by integrat-
ing public DNA methylation datasets. Eligibility criteria for 
dataset inclusion required the use of Illumina 450K or EPIC 
arrays, phenotypic metadata, clinical or neuropathological 
diagnosis of PD, at least 15 subjects per study group and 
cross-sectional study design. Applying these criteria yielded 
a final cohort comprising 3,425 peripheral blood and 378 
brain tissue samples from case-control designs, alongside a 
multi-region dataset containing intra-subject repeated meas-
ures across caudate nucleus, prefrontal cortex and substantia 
nigra from PD individuals (N=97). SEMs were identified as 
extreme outlier using Tukey’s rule, defining reference ranges 
from control beta values at each CpG site or through a leave-
one-out resampling procedure for the multi-region dataset. 

Differences in global SEM burden between cases and con-
trols were evaluated using regression models and were me-
ta-analyzed via a random-effects meta-analysis. Differences 
in methylation deviation distributions between cases and con-
trols were evaluated using regression models with subject as 
a random effect. The multi-region dataset was analyzed using 
mixed-effects models, accounting intra-subject correlation, 
followed by post-hoc comparisons to identify region-specific 
increases in epigenetic drift. Gene-specific associations were 
explored using kernel-based methods (SKAT), treating SEMs 
as rare variants within an aggregation framework. All models 
were adjusted for standard EWAS covariates and validated 
via sensitivity analyses.

RESULTS

Meta-analysis revealed a significant increase in global 
SEM burden in the frontal lobe of PD patients compared with 
HCs (β = 0.6; p = 0.03), whereas no significant differences 
were observed in peripheral blood or the parietal cortex. In 
the frontal lobe, PD patients exhibited an enrichment of SEMs 
characterized by smaller methylation deviations, while HCs 
showed a relative enrichment of high-delta SEMs (p < 0.01). 
Gene-based analysis in blood identified genes differential-
ly enriched for SEMs (Bonferroni-corrected p-value < 0.01), 
involved in axon guidance pathway. In the multi-region da-
taset, SEM burden increased progressively from the caudate 
nucleus to the prefrontal cortex, reaching its highest level in 
the substantia nigra, where it was significantly greater than in 
the other regions.
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CONCLUSIONS

Our findings indicate that PD is associated with a tis-
sue-specific increase in epigenetic-drift, particularly in brain 
regions most affected by neurodegeneration. The enrichment 
of low-delta SEMs suggests increased local epigenetic heter-
ogeneity, consistent with the accumulation of SEMs that are 
poorly shared among cells. These findings support a poten-
tial involvement of epigenetic-drift in PD pathophysiology, 
although they do not allow us to determine whether this phe-
nomenon contributes to disease development or arises as a 
consequence of neurodegenerative processes. In particular, 
increased cell epigenetic heterogeneity may either enhance 
the vulnerability of brain tissue to neurodegeneration or rep-
resent a downstream consequence of disease-associated 
pathological processes



51

INTRODUCTION

Digital cohorts represent a relevant infrastructure for the 
remote and scalable collection of patient-reported outcome 
measures (PROMs). In university populations, these tools 
allow for a multidimensional assessment of psychophysical 
well-being, including sleep quality, perceived stress, anxie-
ty and depressive symptoms, and quality of life. Beyond the 
evaluation of psychometric properties, the characterization 
of the latent structure of outcomes through unsupervised ap-
proaches is also of particular relevance.

OBJECTIVES

To describe the baseline results of the DiCoBENE study 
(DIgital COhort per la Valutazione del BENEssere degli Stu-
denti Universitari), a digital cohort of university students, pur-
suing three objectives: to assess data completeness and inter-
nal reliability of digital PROMs; to quantify the frequency of 
adverse outcomes and the associations among the measured 
domains; and to explore the multidimensional structure of out-
comes using latent profile analysis (LPA), principal component 
analysis (PCA), and network analysis.

METHODS

DiCoBENE is an observational, prospective, repeat-
ed-measures digital cohort launched in Catania. At baseline, 
the Pittsburgh Sleep Quality Index (PSQI), Perceived Stress 

Scale-10 (PSS-10), Generalized Anxiety Disorder-7 (GAD-
7), Patient Health Questionnaire-9 (PHQ-9), and WHO-
QOL-BREF were administered digitally. Analyses included 
descriptive statistics, Cronbach’s alpha, McDonald’s omega, 
Spearman correlations, and multivariate analyses using LPA, 
PCA on standardized scores, and network analysis based on 
partial correlations.

RESULTS

The baseline sample included 442 participants, with 
completion rates of 84.2% for GAD-7, PSS-10, and WHO-
QOL-BREF domains, 83.9% for PHQ-9, and 83.7% for PSQI. 
The frequency of adverse outcomes was high: poor sleep 
quality (PSQI > 5) was observed in 58.8%, moderate-to-se-
vere anxiety (GAD-7 ≥ 10) in 46.0%, moderate-to-severe 
depressive symptoms (PHQ-9 ≥ 10) in 29.5%, moderate 
stress in 54.0%, and high stress in 19.8%. Internal reliability 
was good to excellent for GAD-7 (α = 0.877; ω = 0.881), 
PHQ-9 (α = 0.818; ω = 0.820), and PSS-10 (α = 0.929; ω = 
0.931), and moderate for PSQI (α = 0.654; ω = 0.681). Cor-
relations among domains were consistent with theoretical ex-
pectations. In particular, PSS-10 correlated with PHQ-9 (rho 
= 0.759) and GAD-7 (rho = 0.736), while PHQ-9 showed an 
inverse correlation with the WHOQOL-BREF psychological 
domain (rho = −0.578). Multivariate analyses, conducted on 
365 complete observations, identified an optimal four-pro-
file latent solution through LPA, interpretable as a gradient of 
psychophysical burden. PCA showed that the first principal 
component explained 55.6% of the total variance, while the 
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first two components explained 67.4% overall. Network anal-
ysis revealed a coherent structure, with greater centrality for 
WHOQOL-BREF Physical, PHQ-9, WHOQOL-BREF Psycho-
logical, and PSS-10.

CONCLUSIONS

These findings document the feasibility and methodolog-
ical robustness of a multidimensional assessment of psycho-
physical well-being using digital PROMs in a university co-
hort. The high frequency of adverse outcomes, the adequate 
reliability of most instruments, and the convergence of findings 
obtained through LPA, PCA, and network analysis indicate 
that sample heterogeneity can be described primarily along 
a continuum of psychophysical burden rather than through 
distinct phenotypes. These findings support the integrated use 
of psychometric and unsupervised approaches in the analysis 
of digital PROMs in complex observational studies.
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INTRODUCTION

Workplace violence (WPV) in healthcare settings is a 
growing social and structural problem. However, the lack of 
adequate methods for active monitoring and surveillance, 
based on systematic incident reporting, makes it difficult to 
quantify the extent of the problem and assess the effectiveness 
of measures aimed at preventing it.

OBJECTIVES

The aim of this study was to estimate the risk of violent inci-
dents against healthcare workers in health care services in the 
Marche Region and evaluate its association with professional 
and socio-demographic variables.

METHODS

In this cross-sectional study, we used questionnaires from 
personnel of Regional Health System involved in the pro-
gram monitoring violent incidents in the healthcare setting 
as required by Ministry of Health and collected by Regional 
Centre for Health Risk Management and Patient Safety of 
the Marche region in 2025. The survey form for incidents 
of violence was developed by the National Observatory 
on the Safety of Healthcare and Social-Health Professions 
(ONSEPS). Workers’ demographic and professional char-
acteristics as well as the types of incidents were summarized 
using absolute and percentage frequencies. The overall and 
by professional role (Physicians, Nurses, and non-clinical 

support staff) risk of violent incidents (per 1000 workers), 
with 95% CI, were estimated as the ratio between the num-
ber of workers reporting at least one WPV incidents and the 
total number of workers in service during 2025. The total 
number of employees in the Regional Health System in 2025 
was derived from the Annual Staff Report of the Marche Re-
gion by the New Health Information System. The RRs, with 
95% CI, were calculated for comparing the violent incidents 
across the professional role. All data were processed in 
compliance with the European (GDPR, EU 2016/679) and 
national privacy laws (D.lgs. 196/2003 and subsequent 
amendments).

RESULTS

In 2025, 397 healthcare workers reported violence, of 
whom 69.5% were women, 31.0% aged 50-59 years, and 
71.8% nurses. Violence was more frequently verbal (71.0%), 
more frequently involved patient-on staff violence (66.9%) 
and occurred more frequently in the Emergency Department 
(25.1%).

The WPV overall risk was 17.9 ‰ (95% CI 16.2 - 19.7), 
11.9 ‰ (95% CI 8.2 - 15.5) for doctors and 30.3 ‰ (95% 
CI 26.8 - 33.8) for nurses. Nurses had 2.6 times higher risk 
of experiencing violence than doctors (RR = 2.6, 95% CI 2.5 
- 2.7) and more than four times higher than non-clinical sup-
port staff (RR = 4.1, 95% CI 4.0 - 4.3), while doctors were 
60% more likely to experience violence than non-clinical sup-
port staff (RR = 1.6, 95% CI 1.6 - 1.7).
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CONCLUSION

Our findings are consistent with the latest ONSEPS re-
port, based on data collected in 2022–23. According to that 
data, the Marche Region has the lowest risk rates compared 
to those recorded in the northern and central regions but has 
not yet implemented specific systems for identifying or record-
ing cases. It is necessary to continue implementing prevention 
and management strategies aimed at countering the belief 
among workers that such accidents constitute an inevitable 
“occupational hazard.”
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INTRODUCTION

The SPIRIT (Standard Protocol Items: Recommendations 
for Interventional Trials) Statement has long been the inter-
national reference for the content of clinical trial protocols, 
ensuring transparency, methodological rigour and ethical 
soundness [1]. The recent release of SPIRIT 2025 has up-
dated and expanded its recommendations [2]. Nonetheless, 
numerous studies continue to document suboptimal adher-
ence, particularly regarding study design and statistical 
analysis. Assessing real-world adherence helps identify re-
current shortcomings and areas requiring targeted support 
or training.

OBJECTIVES

In a previous single-centre study we assessed whether it 
is possible to predict which protocols show high adherence 
to the methodological SPIRIT items, identifying study-level 
characteristics associated with quality. The main limitation 
was the single-centre nature of the data. The present work 
extends the analysis to a multicentre design, combining 
protocols from two Italian research centres: Fondazione 
IRCCS Policlinico San Matteo (Pavia) and IRCCS Sacro 
Cuore Don Calabria (Negrar di Valpolicella, Verona), 
aiming to confirm the predictors of adherence and improve 
their generalisability.

METHODS

Design and methodological features of no-profit interven-
tional protocols submitted between 2021 and 2025 to the ref-
erence Ethics Committees of the two centres were collected and 
recorded in a centralised REDCap (Research Electronic Data 
Capture) database. Adherence was assessed on the SPIRIT 
2013 items concerning methods, design, data collection and 
management, and analysis (items 9-21b); the 2013 version 
was used because all protocols predate SPIRIT 2025. Each 
item was scored as fulfilled or not, and an individual score was 
computed as the number of satisfied items, dichotomised at the 
median into good and poor adherence. For the predictive ob-
jective, machine learning algorithms (Random Forest, eXtreme 
Gradient Boosting, Boosted Logistic Regression) were applied 
to a pool of candidate predictors; performance was evaluated 
through accuracy, area under the ROC curve (AUC) and F1 
score. Variable importance was then summarised and the most 
influential predictors were entered into a multivariable logistic 
regression model, reporting odds ratios and 95% confidence 
intervals. Covariates included sponsorship, methodological 
features, submission timing and thematic area. Analyses were 
performed using Stata 19 and R 4.4.3.

RESULTS

Data collection and harmonisation across the two centres 
are currently ongoing. The IRCCS Sacro Cuore Don Calabria 
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contributed 107 no-profit interventional protocols submitted 
to its reference Ethics Committee between 2021 and 2025. 
Combined with the 132 protocols of the previous single-cen-
tre study, the pooled cohort reaches 239 protocols. This larg-
er and more heterogeneous sample is expected to produce 
more stable predictive models and to enable a formal assess-
ment of the reproducibility of the predictors identified in the 
single-centre analysis. We expect to confirm the availability 
of statistical and methodological support as a factor associat-
ed with good adherence, while the relative contribution of the 
remaining candidate predictors (sponsorship, methodological 
features, submission timing and thematic area) will be clar-
ified in the pooled cohort. The machine learning algorithms 
are expected to discriminate good from poor adherence and 
to converge on a consistent subset of influential predictors, 
which the multivariable logistic regression should retain as in-
dependent. The final estimates will be presented.

CONCLUSIONS

The multicentre extension addresses the main limitation of 
the previous work, strengthening the external validity of the 
findings. By integrating conventional statistical approaches 
with machine learning models, the study aims to clarify which 
protocol features predict high adherence to SPIRIT and to 
confirm the role of multidisciplinary teams, including biostatis-
tics, in improving methodological quality. The findings are ex-
pected to provide evidence to inform training strategies aimed 
at improving the quality of clinical trial protocols.
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INTRODUCTION

Seasonal variation plays a crucial role in the occurrence 
and exacerbation of allergic diseases, yet real-world, large-
scale epidemiological evidence remains limited. Asthma at-
tacks can be triggered by pollen and often worsen during the 
pollen season. However, seasonal patterns may vary across 
different climatic areas.

OBJECTIVES

The primary aim of the present study was to assess the 
seasonality of asthma attacks in Italian adults.

METHODS

We analyzed GEIRD (Gene Environment Interaction in 
Respiratory Diseases) data, collected from 2008 to 2014 
in seven Italian centers, three (Verona, Pavia, Turin) locat-
ed in the Po Valley (sub-continental area) characterized by 
sub-continental climate, and four (Sassari, Ancona, Terni, 
Palermo) in the Mediterranean area.

Seasonality was assessed using a Poisson regression 
framework incorporating Fourier terms (extended Stolwijk 

model). Both single-peak (unimodal) and double-peak (bi-
modal) cyclic trends were investigated. The model selection 
was based on both pseudo R-squared values (R2; explana-
tory power) and the Goodness-of-Fit (GoF) test. The model 
providing the best overall fit was retained.

RESULTS

The study included 204 subjects (137 and 67 from 
sub-continental and Mediterranean areas, respectively) who 
reported having suffered from asthma attacks for a median 
of 4 months in the previous year. Both unimodal and bimodal 
Poisson regression models were fitted to this cyclic pattern of 
asthma attacks. All unimodal models had acceptable GoF. 
However, the bimodal models had higher pseudo R-squared 
values with acceptable GoF. Overall, the seasonal pattern of 
asthma attacks was characterized by a main peak in April 
and a secondary peak in September (p<0.001; R2=0.503; 
GoF=0.95). 

In the sub-continental area, a primary peak was detect-
ed in May and a secondary one in September (p<0.001; 
R2=0.42; GoF=0.89), with relative increases of 34% and 
19%, respectively. In contrast, the seasonality of asthma at-
tacks in the Mediterranean area was characterized by the first 
peak in May, whereas the second peak occurred in October 

General Epidemiology ISSN 2282-0930 • Epidemiology Biostatistics and Public Health - SISMEC Congress 2026 - Vol. 21 Suppl. 1

© 2026 Tibor András Nyári. et al..DOI: 10.54103/2282-0930/32112

Annual Variations in Asthma Attacks in the Italian 
Adult Population

Tibor András Nyári(1), Mamoona Arshad(2), Alessandro Marcon(2), Tamás Lantos(1), Francesca Locatelli(2), 
Pierpaolo Marchetti(2), Lorenzo Di Spazio(2), Salvatore Battaglia(3), Maria Beatrice Bilò(4), Roberto Bono(5), 
Angelo Guido Corsico(6), Nicola Murgia(7), Pietro Pirina(8), Giuseppe Verlato(2)

 Giuseppe Verlato 0000-0001-5262-8818

(1) Department of Medical Physics and Informatics, Albert Szent-Györgyi Medical School, University of Szeged – Szeged, Hungary
(2) Unit of Epidemiology and Medical Statistics, Department of Diagnostics & Public Health, University of Verona – Verona, Italy
(3) Division of Respiratory Medicine, PROMISE Department, Paolo Giaccone University Hospital, University of Palermo – Palermo, Italy
(4) Department of Clinical and Molecular Sciences, Università Politecnica Delle Marche – Ancona, Italy
(5) Department of Public Health and Pediatrics, University of Turin – Turin, Italy
(6) Department of Internal Medicine and Therapeutics, University of Pavia – Pavia, Italy
(7) Department of Environmental and Preventive Sciences, University of Ferrara – Ferrara, Italy
(8) Clinical and Interventional Pulmonology, University Hospital Sassari (AOU) – Sassari, Italy

CORRESPONDING AUTHOR: Giuseppe Verlato, Unit of Epidemiology and Medical Statistics, Department of Diagnostics & Public Health, 
University of Verona – Verona, Italy. E-Mail: giuseppe.verlato@univr.it

https://doi.org/10.54103/2282-0930/32112
https://orcid.org/0000-0001-5262-8818


58

General Epidemiology ISSN 2282-0930 • Epidemiology Biostatistics and Public Health - SISMEC Congress 2026 - Vol. 21. Suppl. 1

DOI: 10.54103/2282-0930/32112

(p=0.004; R2=0.36; GoF=0.99) with relative increases of 
37% and 22%, respectively. 

CONCLUSION

Asthma attacks in Italy mainly occur during spring. The bi-
modal cyclic pattern explained 50% of the monthly variability 
in asthma attacks. Nevertheless, a weaker secondary peak of 
asthma attacks was observed in autumn. The sub-continental 
(Po Valley) and Mediterranean areas had slightly different 
autumn peaks, which may reflect differences in ragweed and 
Urticaceae exposure, and warrant further investigation. In ad-
dition, the modeling approach identified significant seasonal 
variation.
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INTRODUCTION

Socio-economic inequalities are well-documented drivers 
of a mental health gradient, with children and adolescents 
from low socio-economic backgrounds being dispropor-
tionately vulnerable to mental disorders. Evidence suggests 
that childhood deprivation not only increases the prevalence 
of mental health conditions but also restricts access to rou-
tine healthcare, contributing to poorer health and economic 
outcomes in adulthood. While this association is well-estab-
lished, small-area spatial analyses examining the geographic 
distribution of mental disorders in children and adolescents in 
relation to composite deprivation indices remain scarce, par-
ticularly in the Italian context.

OBJECTIVES

To assess whether the geographical distribution of children 
and adolescents with at least one hospitalisation or Emergen-
cy Department (ED) visit for mental disorders in Lombardy is 
associated with the Social and Material Vulnerability Index 
(SMVI).

METHODS

A population-based spatio-temporal ecological study 
was conducted using regional administrative healthcare 
data from the Lombardy (2016–2022). The study popula-
tion included all residents aged 0–18 years as of December 
31st of each year. A mental disorder case was defined as 
any individual with at least one ED visit or hospital discharge 
recording an ICD-9-CM code in the range 290–319 in any 
diagnostic field during the reference year. The SMVI, de-
veloped by the Italian National Institute of Statistics (Istat), 
was categorized into quintiles ranging from Q_1 (low-
est vulnerability) to Q_5 (highest vulnerability). Observed 
and expected case counts were modelled using Bayesian 
hierarchical scaled Besag–York–Mollié (BYM2) models to 
estimate age- and sex-adjusted area-specific relative risks, 
interpretable as smoothed SMRs. Three model specifications 
were compared: a purely spatial model, a spatio-temporal 
model with a Random Walk of order 1 (RW1) temporal 
component, and a spatio-temporal model with a Knorr–
Held Type I interaction. Area-specific relative risks (RR) and 
posterior probabilities (PP) were estimated. Analyses were 
performed in R using INLA framework.
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RESULTS

Findings were consistent across all three Bayesian BYM2 
model specifications. Compared with the lowest SMVI quin-
tile, only areas in the highest vulnerability quintile showed a 
credible association with increased risk of mental disorders di-
agnoses among youths, with posterior relative risks of 1.096 
(95% CrI: 1.017-1.182), 1.097 (1.018-1.182), and 1.101 
(1.019-1.190) in the spatial, spatio-temporal, and spatio-tem-
poral interaction models, respectively. No statistically credi-
ble associations were found for intermediate quintiles. After 
adjusting for SMVI, residual spatial risk showed a marked 
west–east gradient across the region. Areas with high pos-
terior probability of excess risk (PP>0.80) were concentrated 
in the Milan metropolitan area, the north-western pre-alpine 
belt, the Pavia area, and a few localized hotspots near Lake 
Garda, whereas central-eastern Lombardy and the alpine 
area of Sondrio showed consistently lower-than-expected 
risk (PP<0.20).

CONCLUSIONS

The study highlights that the SMVI captures a meaningful 
share of the phenomenon’s variability, showing an increased 
risk of mental disorders in areas with the highest vulnerability. 
However, the persistence of strong spatial clusters in the resid-
ual risk maps suggests that the SMVI does not fully explain the 
heterogeneous territorial distribution of cases in Lombardy. 
This indicates the presence of additional local, environmental, 
or healthcare supply and access determinants that warrant 
further investigation.
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INTRODUCTION

The homicide rate is widely regarded as a key indicator 
of societal violence. Although homicides account for less than 
1% of all deaths globally and have generally declined over 
time, they remain a critical public health and social concern. 
Homicide continues to attract sustained attention from both 
the media and the public, contributing to a perception that 
violence is increasing, despite empirical evidence.

OBJECTIVES

This study aims to analyse long-term trends in homicide 
mortality across multiple countries, with particular attention to 
variations by sex and geographic region. Specifically, it aims 
to evaluate whether the perceived increase in insecurity and 
violence, especially violence against women, is supported by 
empirical evidence derived from homicide data.

METHODS

We extracted data on homicide deaths from the WHO 
Mortality Database (1979 to the latest available year) and 
mid-year population estimates from the United Nations Pop-
ulation Division. Countries with at least medium-quality data 
and a minimum of five years of observations were included. 
Age-standardized mortality rates (ASRs) were calculated by 
sex, and male-to-female ratios were used to assess sex differ-

ences. Annual percent changes (APCs) were estimated using 
joinpoint regression models.

RESULTS

A total of 39 countries were included in the analysis. 
Among males, ASRs ranged from 0.22 per 100,000 per-
son-years in Japan to 46.6 in Colombia; among females, 
rates ranged from 0.17 in Japan to 4.86 in Guatemala. Most 
countries showed declining trends over time, although re-
cent increases were observed in France among males (APC 
2017–2022: +12.8%, 95% CI: 5.9–20.1), Sweden among 
males (APC 2011–2023: +5.6%, 95% CI: 3.1–8.2), and 
in the United States among both males (APC 2014–2022: 
+5.2%, 95% CI: 3.1–7.3) and females (APC 2014–2022: 
+4.4%, 95% CI: 2.8–5.9).

In Europe, the median male-to-female ASR ratio was 1.9, 
whereas higher ratios were observed in the United States 
(4.0), South Africa (7.2), and Latin America (ranging from 3.2 
to 12.0).

Italy was among the countries with the lowest homicide 
mortality rates in both males (0.46 per 100,000 person-years 
in 2021) and females (0.26 per 100,000 person-years in 
2021), with a male-to-female ASR ratio of 1.8.

CONCLUSIONS

Homicide mortality has declined in both sexes across most 
countries over the past four decades. Nevertheless, substan-
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tial geographical disparities persist, with particularly high bur-
dens observed in Latin America, South Africa, and the Unit-
ed States. Recent increases reported in several high-income 
countries underscore the fragility of these gains and highlight 
the need for sustained surveillance and context-specific pre-
vention strategies. The persistence of marked sex differences, 
where males consistently account for the majority of victims, 
suggests that the underlying drivers of male vulnerability to 
lethal violence remain largely unchanged. Although female 
homicide rates have remained relatively stable overall, they 
exhibit a distinct epidemiological profile, often associated 
with intimate partner violence. This pattern calls for continued, 
targeted policy responses addressing gender-specific risk 
factors.
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INTRODUCTION

Frailty is a clinical syndrome highly prevalent among el-
derly individuals with cardiovascular disease and is charac-
terized by a progressive decline in the physiological reserves 
of multiple organ systems. Preliminary evidence suggests that 
frailty may not represent an irreversible condition, raising the 
possibility that targeted interventions could improve resilience 
and potentially alter the course of the syndrome. Cardiac re-
habilitation (CR) programs are established effective tools to 
improve cardiovascular prognosis and quality of life. Howev-
er, few studies have explored the efficacy of eHealth, home-
based CR interventions on frailty. The DELPHIC (elDerly hEart 
faiLure Prevention reHabilitation bIomarkers prognostiC) 
study was designed to evaluate the effectiveness on frailty 
status of an eHealth-based, home-delivered CR program in 
older adults with cardiovascular disease. 

OBJECTIVES

Primary endpoint was to evaluate frailty, in terms of prev-
alence and mean Essential Frailty Toolset (EFT) score, after 
3-6 months of follow-up. Secondary outcomes regarded oth-
er aspects of life measured by scales/scores as depression 
(Geriatric Depression Scale - GDS), nutrition (Mini Nutritional 

Assessment - MNA), quality of life (EuroQoL score), daily ac-
tivity (Barthel index), therapeutic adherence (Morisky Medi-
cation Adherence Scale - MMAS) and comorbidities (Cumu-
lative Illness Rating Scale - CIRS).

METHODS

We designed a multicenter, randomized, parallel-group 
trial enrolling people ≥65 years recently hospitalized for 
acute heart failure and/or acute coronary syndrome. Par-
ticipants were randomized 1:1 to an eHealth home-based 
tele-rehabilitation program or the usual care. Intervention 
program included 3 rehabilitation sessions per week, 1 week-
ly telephone consultation with a research nurse who remotely 
monitored patients’ vital signs (i.e. weight, blood pressure and 
ECG), and 14 psychoeducational and nutritional sessions (7 
with a psychologist and 7 with a nutritionist).

RESULTS

206 total patients were equally distributed to intervention 
or usual care. At the end of the follow-up, the prevalence of 
frailty was significantly lower in the intervention group than in 
the control group (2.6% vs 11.9%, p=0.04), accompanied by 
a significant reduction in the mean EFT score (p<0.01). Fur-
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thermore, Barthel index significantly increased in the interven-
tion group than in control group (p=0.01). Psychoeducational 
intervention led to a significantly lower GDS (p<0.01) and 
higher EuroQol (p<0.01) in treated subjects, indicating an 
improved self-perceived quality of life. In addition, the nutri-
tional/educational intervention had a positive and measura-
ble effect on participants, resulting in a significantly increased 
MNA score compared with the control group (p<0.01).

CONCLUSIONS

Telemedicine represents a form of continuity of care, al-
lowing patients to feel monitored and supported from their 
homes, thereby reducing the sense of abandonment that may 
follow hospital discharge. The opportunity to receive health-
care services at home may contribute to making patients feel 
more comfortable during the intervention. Furthermore, the 
involvement of caregivers, who are often excluded from hos-
pital-based care settings, may be crucial in remote rehabili-
tation pathways, providing practical assistance and fostering 
greater engagement in the care process.
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INTRODUCTION

The scientific literature has extensively documented the so-
called “immigrant health paradox,” whereby newly arrived 
immigrants often exhibit better health status than native-born 
populations with comparable demographic and socioeco-
nomic characteristics. However, this advantage tends to di-
minish over time leading to a process of “unhealthy assimila-
tion” in which health status deteriorates with longer residence 
in the host country.

OBJECTIVES

Building on this framework, this study investigates whether 
a similar dynamic exists within the migrant population in Italy. 
Specifically, after adjusting for socio-demographic character-
istics, we examine whether newly arrived immigrants main-
tain a health advantage compared with more established mi-
grants and second-generation individuals (those born in Italy 
of foreign origin). Additionally, this study aims to identify the 
main determinants associated with self-reported health.

METHODS

This study analysed cross-sectional data from the MIGHTY 
project survey, conducted in the Lombardy and Marche re-
gions, between 2024 and 2025. The sample was stratified 
into four groups based on migration status and length of resi-
dence: recent immigrants (less or equal than 5 years), estab-
lished immigrants (6–10 years), long-term immigrants (more 

than 10 years), and second-generation individuals born in 
Italy to foreign parents. A binary logistic regression model 
was used to assess the association between self-reported 
health and various socio-demographic, socio-economic, 
and health-related covariates. For this analysis, self-report-
ed health was dichotomized from its original categories into 
good and not good, defining good health as the primary 
outcome. Health related covariates included the number of 
chronic diseases and the presence of depressive symptoms 
assessed through the PHQ8 questionnaire. All analyses were 
performed using R-studio and results were reported as Odds 
Ratio (OR) and 95% Confidence intervals (95%CI).

RESULTS

3625 (out 3660 recruited) participants with complete 
data on self-reported health status were included in this anal-
ysis, 75% reported good health status, 80% younger than 50 
years. The regression model showed a non-linear relationship 
between migration status and self-reported health. Using 
long-term migrants as the reference category, second-gener-
ation individuals (OR = 1.93, 95%CI:1.20-3.20) and estab-
lished immigrants (OR = 1.51, 95%CI: 1.05-2.02) showed 
a significantly higher probability of reporting good health. 
Comparison between recent immigrants and long-term res-
idents was not statistically significant (OR = 1.34, 95%CI: 
0.88-2.03). Regarding other main determinants, the prob-
ability of reporting good health was significantly reduced 
by increasing age(years) (OR = 0.96, 95%CI: 0.95–0.97), 
depressive symptoms (OR = 0.86, 95%CI: 0.83–0.89), fi-
nancial struggles compared to the ability to cover expenses 
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(OR = 0.54, 95%CI: 0.41–0.71), and the presence of chronic 
diseases (OR = 0.19, 95%CI: 0.14–0.24).

CONCLUSIONS

The findings provide partial support to the unhealthy as-
similation hypothesis among immigrants in Italy. Rather than 
indicating a progressive deterioration in health with increas-
ing length of residence, they suggest that the relationship be-
tween migration history and self-reported health is non-linear. 
Migration status, increasing age, depressive symptoms, finan-
cial difficulties, and chronic conditions were independently 
associated with a lower likelihood of reporting good health. 
These findings highlight that both migration-related and soci-
oeconomic and health-related factors should be considered 
when addressing health inequalities among migrant popula-
tions.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a pro-
gressive chronic respiratory disease and major cause of mor-
bidity. Critical objectives of COPD management are to pre-
serve patients’ functional status and quality of life. 

Knowledge and awareness on the disease are critical for 
self-management but evidence on these aspects remains lim-
ited.

OBJECTIVES

This study, conducted within the European project ‘Joint 
Action on Chronic Respiratory Diseases’ (JARED), aimed 
to assess COPD-related knowledge and self-management 
awareness and willingness to use digital tools in patients with 
COPD.

METHODS

This cross-sectional study included patients attending rou-
tine outpatient visits at the Pulmonology Department of the 
AOU Ospedali Riuniti delle Marche (Italy) and the Depart-
ment of Pulmonary Diseases Jordanovac, University Hospital 
Centre Zagreb (Croatia). Patients completed a questionnaire 
consisting of patients’ knowledge on the disease in general 
(5 items), risk factors (4 items), pharmacological treatment (5 

items), non-pharmacological treatments (4 items), and acute 
exacerbations (4 items). Two additional sections assessed 
willingness to use digital tools (4 items) and self-management 
awareness (5 items). Knowledge was dichotomized at opti-
mal level if patients gave at least three or four correct answers 
in sections with four items or five items respectively, according 
to a predefined cut-off. Likewise, willingness and awareness 
were set with at least three or four positive answers respective-
ly. The associations between knowledge, willingness, aware-
ness, and demographic and anamnestic characteristics were 
evaluated by Chi-square or Fisher exact test when appropri-
ate.

RESULTS

Overall, 231 COPD patients were recruited, 53% were 
male, with a mean age of 68 years, 78% retired, 73% lived in 
urban areas, 37% had high education, 38% current smoker, 
52% former smoker, mean smoking duration 36 years and 
19 cigarettes per day, 66% with a disease duration ≥4 years.

The percentage of patients with an optimal knowledge 
ranged between 55% in COPD risk factors and 87% in acute 
exacerbations. Current or former smokers had more frequently 
an optimal general knowledge than a sub-optimal one (96% 
vs 86%, p=0.009); patients with disease duration ≥4 years 
had more frequently optimal knowledge in general, on risk 
factors, on non-pharmacological treatments than sub-optimal 
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(respectively, 71% vs 52%, p=0.009; 73% vs 56%, p=0.011; 
69% vs 51%, p=0.036); optimal knowledge in non-phar-
macological treatments was more frequent than sub-optimal 
when patients had high education (41% vs 19%, p=0.010).

Sixty percent of participants were willing to use digital 
tools. They were younger than those not willing (66 vs 71 
years, p<0.001), more frequently employed (22% vs 7.6%, 
p=0.006), and more likely to live in urban areas (79% vs 
66%, p=0.031).

Forty percent of participants were aware of own disease 
and self-management, and they had longer smoking dura-
tion than those who were not (38 vs 34 years on average, 
p=0.035).

CONCLUSIONS

Although overall COPD-related knowledge was satisfac-
tory, substantial gaps persist in key aspects of COPD, par-
ticularly regarding disease risk factors and self-management 
awareness. Patients less inclined to use digital health tools 
may require tailored educational strategies. These findings 
support the need for tailored educational interventions to 
improve disease management and promote patient engage-
ment in COPD care.
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OBJECTIVES

Patient-reported outcome measures (PROMs) have 
become an essential component of value-based and per-
son-centred diabetes care. Nevertheless, their routine imple-
mentation remains uncommon because longitudinal PROMs 
collection, linkage with clinical information, and privacy 
protection pose substantial organisational and technical 
challenges. Federated analytics has been proposed as a 
strategy to overcome these barriers by enabling distributed 
analyses without transferring identifiable patient-level data. 
The REWINDER study (“Real-World data and patient-re-
ported outcomes IN Diabetes”) aimed at implementing a 
regional federated infrastructure integrating PROMs into 
routine diabetes care and exploring scalability beyond the 
pilot setting.

METHODS

A federated infrastructure was implemented across three 
areas of Emilia-Romagna to combine clinical, administra-
tive and PROMs data while preserving local data owner-
ship. The design included the collection of target  sample 
size of n=150 questionnaires in each area, using validated 
instruments of the ICHOM Diabetes Standard Set (PAID-5, 
PHQ-9 and WHO-5). Data were digitized locally using dif-
ferent means: Romagna and Reggio-Emilia used an exist-
ing application (Health Meeting and Smarty, respectively), 

while Parma performed data entry in an Excel sheet. PROMs 
were linked locally to other data sources included in the RE-
WINDER database through unique patient identifiers and 
analysed using the NeuBIRO federated statistical platform. 
We evaluated data completeness, linkage quality, tempo-
ral consistency and operational feasibility prior to assessing 
patient outcomes.

RESULTS

Baseline PROMs were available for n=521 individuals, 
mostly collected by Romagna (51.1%), followed by Reg-
gio-Emilia 33.8%) and Parma (15.2%). However, the pro-
portion of patients contributing complete longitudinal in-
formation decreased considerably after applying protocol 
requirements and successful linkage across data sources. 
The percentage of patients with a valid follow-up (between 
4 and 10 months from baseline) was similar between Ro-
magna (86.5%) and Parma (88.6%), but considerably low-
er in Reggio-Emilia (30.1%), reflecting organisational differ-
ences in data collection processes. Additional discrepancies 
emerged from asynchronous patient recruitment, incomplete 
availability of active patient lists and incomplete linkage of 
telephone follow-up interviews. Further results regarding 
the evaluation of linkage with demographical, clinical and 
population-based data available through the REWINDER 
cohort are currently in progress and will be available at the 
Conference.
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CONCLUSIONS

The study demonstrates that federated collection and 
analysis of PROMs can be successfully embedded within rou-
tine diabetes care while maintaining data privacy. However, 
technical feasibility alone is insufficient to support sustainable 
large-scale implementation. Although federated analysis re-
mained technically feasible despite these constraints, the ex-
perience demonstrated that organizational processes, rather 
than analytical methods, may represent the principal deter-
minant of data quality and effective interoperability. Manual 
data collection procedures, heterogeneous local workflows 
and poorly synchronized follow-up substantially reduce the 
completeness and comparability of longitudinal patient-re-
ported outcomes. A companion abstract presents the detailed 
results related to the statistical analysis of PROMs for the sub-
set of people with Type 2 diabetes with valid follow-up.

Future federated infrastructures should prioritise native 
digital PROMs collection, automated linkage with clinical 
information systems, standardised operational protocols and 
integrated scheduling mechanisms. These organisational pre-
requisites are likely to have a greater impact on the quality 
and scalability of federated real-world evidence than further 
methodological refinements of distributed analytical models. 
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OBJECTIVES

Patient-Reported Outcome Measures (PROMs) are rare-
ly embedded in routine diabetes care, although they provide 
information not captured by clinical and administrative data 
alone. The REWINDER project aimed to integrate PROMs 
with real-world diabetes data from Emilia-Romagna to de-
scribe psychological burden in people with type 2 diabetes 
and explore its relationship with metabolic and clinical indica-
tors, particularly glycaemic control and patient risk profiling.

METHODS

REWINDER is a multicentre observational study with 
a mixed retrospective/prospective design involving AUSL 
Romagna, AUSL Reggio Emilia and AOU Parma. A sample 
including N=521 people with Type 2 diabetes was enrolled 
by diabetes clinics to monitor the psychological evolution 
through the administration of three PROMs: PAID-5 for dia-
betes distress, PHQ-9 for depressive symptoms and WHO-
5 for psychological well-being. Questionnaires collected 
at baseline were expected to be evaluated after 6 months, 
linked with demographic, clinical and service-related data, 
including HbA1c, disease duration, blood pressure, body 
mass index and lifestyle information. Descriptive analyses 
were conducted overall and according to HbA1c target sta-
tus. A multivariable logistic regression model estimated the 

probability of reporting a high total PROMs score, indicating 
psychological compromise, according to sex, age, disease 
duration and HbA1c target status.

RESULTS

A total of N=353 subjects included in the baseline co-
hort reported a valid follow-up between 4-10 months. Most 
participants were men (60.6%), prevalently aged between 
50-59 years. Disease duration was 1-5 years in 34.3% and 
6-15 years in 44.1%. The sample reported a clinical profile 
with relevant cardiometabolic and lifestyle difficulties: 54.1% 
had uncontrolled HbA1c (>7%), 69.1% had systolic blood 
pressure >=130 mmHg and 66.0% had diastolic blood pres-
sure >=80 mmHg. Among those with lifestyle data, 25.2% re-
ported no physical activity, 30.0% were current smokers and 
24.7% former smokers. Approximately 80% were overweight 
or obese. PROMs identified substantial psychological burden: 
diabetes distress was present in 30.3%, depressive symptoms 
in 36.5% and poor psychological well-being in 22.4%. Dia-
betes distress and depressive symptoms were more frequent 
among participants outside glycaemic target. Being in HbA1c 
target was associated with a lower probability of reporting 
a high total PROMs score (OR=0.59; p=0.0496; 95% CI 
0.35-0.99), whereas female sex was strongly associated 
with higher psychological risk (OR=2.67; p=0.0002; 95% CI 
1.61-4.47). Age showed a small inverse association, while 
disease duration was not significant. Probability curves con-
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firmed higher predicted risk among women and among those 
outside HbA1c target.

CONCLUSIONS

The REWINDER study provided a practical demonstration 
of how PROMs can help clinicians integrating patient expe-
rience and psychological risk assessment into diabetologic 
consultations. These findings support the inclusion of diabe-
tes distress assessment in routine care to activate timely and 
targeted psychological, educational and integrated interven-
tions, as recommended by recent international guidelines. The 
gender difference suggests areas of concern among women 
at higher risk. Further studies are needed to clarify the rela-
tionship between glycaemic values and psychological bur-
den. A companion abstract discusses critical issues regarding 
the scalability of the approach within the complex federated 
infrastructure of REWINDER and the hurdles experienced in 
data collection and regular follow-up of PROMs.
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INTRODUCTION

Closed-loop insulin delivery systems, including hybrid 
closed-loop (HCL) technologies, are now considered the 
standard of care for individuals with type 1 diabetes (T1D) 
and are increasingly adopted by both adults and younger 
populations. Beyond improving glycemic outcomes, their po-
tential impact on patient-reported outcomes such as sleep has 
gained increasing attention. However, evidence regarding 
their effects on sleep quality and duration in individuals with 
T1D and their caregivers remains inconsistent.

OBJECTIVES

The objective of this study was to assess whether the use of 
commercially available hybrid closed-loop systems improves 
subjective sleep quality and objective sleep parameters in 
youths and adults with type 1 diabetes and in their caregivers 
compared with standard diabetes management.

METHODS

This systematic review and meta-analysis included rand-
omized and non-randomized studies in children, adolescents, 

and adults with T1D and their caregivers, evaluating commer-
cially available hybrid closed-loop (HCL) systems. The pri-
mary outcome was the PSQI; secondary outcomes included 
actigraphy-derived parameters (TST, TIB, SE, SOL, NWAK, 
WASO). Analyses were performed separately by study de-
sign and population using a random-effects model (REML; 
Hartung-Knapp adjustment with IQWiG6 ad hoc correction); 
risk of bias was assessed with RoB 2 and ROBINS-I, and cer-
tainty of evidence with GRADE.

RESULTS

For the PSQI, RCTs showed no statistically significant ef-
fect of HCL in subjects (6 studies, n=573; MD −0.30 [95% 
CI −0.92; 0.32]) or caregivers (3 studies, n=216; MD −1.39 
[95% CI −3.66; 0.88]), despite a trend toward improvement 
in both groups. Non-randomized pre-post studies, encom-
passing a larger pooled sample, suggested a statistically 
significant improvement in sleep quality in both subjects (11 
comparisons, n=672; MD −0.40 [95% CI −0.63; −0.17]) 
and caregivers (7 comparisons, n=372; MD −1.05 [95% CI 
−1.54; −0.56]).

General Epidemiology ISSN 2282-0930 • Epidemiology Biostatistics and Public Health - SISMEC Congress 2026 - Vol. 21 Suppl. 1

© 2026 Evelina Maines. et al..

Impact of Commercially-Available Hybrid Closed 
Loop Systems on Sleep Outcomes in Youths and 
Adults with Type 1 Diabetes: A Systematic Review 
and Meta-Analysis

Evelina Maines(1), Stefania Fanti(2), Camilla Buffo(3), Francesco Favaretto(3), Roberto Franceschi(1), Sergio Di 
Molfetta(4), Matteo Franchi(3), Lorenzo Menichelli(3) 

 Lorenzo Menichelli 0009-0005-3472-356X

(1) Pediatric Department, Santa Chiara Hospital of Trento, Largo Medaglie d’Oro 9, 38122, Trento, Italy
(2) Department of Pediatrics, Santa Chiara Hospital of Trento, Azienda Councillor, Lombardy Region, Milano, Lombardia, Italy
(3) Unit of Biostatistics, Epidemiology and Public Health, Department of Statistics and Quantitative Methods, University of Milano-Bicocca, 
Milan, Italy
(4) Department of Precision and Regenerative Medicine and Ionian Area, Section of Internal Medicine, Endocrinology, Andrology and Meta-
bolic Diseases, University of Bari Aldo Moro, Bari, Italy

CORRESPONDING AUTHOR: Lorenzo Menichelli, Unit of Biostatistics, Epidemiology and Public Health, Department of Statistics and 
Quantitative Methods, University of Milano-Bicocca, Milan, Italy. E-Mail: lorenzo.menichelli@unimib.it

DOI: 10.54103/2282-0930/32140

https://orcid.org/0009-0005-3472-356X
https://doi.org/10.54103/2282-0930/32140


74

General Epidemiology ISSN 2282-0930 • Epidemiology Biostatistics and Public Health - SISMEC Congress 2026 - Vol. 21. Suppl. 1

DOI: 10.54103/2282-0930/32140

CONCLUSIONS

Overall, the PSQI findings are directionally favorable to 
HCL, but the strength of inference differs by study design. The 
lack of a statistically significant effect in RCTs suggests that 
any benefit on perceived sleep quality is likely modest and 
still uncertain. By contrast, non-randomized pre-post studies 
show a clearer signal, though these results should be inter-
preted cautiously given their vulnerability to confounding, se-
lection bias, and regression to the mean. The caregiver effect 
appears more pronounced than the subject effect, possibly 
reflecting a reduction in nocturnal diabetes-related burden, 
but this remains hypothesis-generating rather than definitive.
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INTRODUCTION

Heart failure (HF) is one of the leading causes of hospital-
ization, disability and healthcare resource use in high-income 
countries, particularly in ageing populations such as Italy. The 
COVID-19 pandemic profoundly disrupted the organization 
of healthcare services, raising concerns about the continuity 
of chronic disease management and the true long-term epi-
demiological impact on HF admissions.

OBJECTIVES

To analyse the long-term temporal trends of HF hospitali-
zations in Italy over a fifteen-year period (2008–2022), as-
sessing the contribution of demographic factors, seasonality 
and clinical complexity. As a secondary objective, we tested 
whether the pandemic produced a sustained, structural shift in 
the epidemiological curve of admissions.

METHODS

Retrospective observational study based on national Hos-
pital Discharge Records (SDO) from both public and private 
facilities. Admissions with HF as the primary diagnosis were 
identified through ICD-9-CM codes. Cases were stratified 
by age, sex, season, DRG relative weight and clinical sever-

ity according to the Elixhauser Comorbidity Index. Temporal 
trends were estimated using a Poisson Inverse Gaussian Gen-
eralized Linear Mixed Model, with a random intercept for re-
gion and the time component modelled through a segmented 
regression with a structural break in 2020, distinguishing the 
pre-pandemic trend, the level change and the slope change 
in the late-pandemic phase. The Annual Percent Change 
(APC) and the Average Annual Percent Change (AAPC) were 
also computed. The analysis is a refinement of a recently pub-
lished manuscript (Amodio et al., 2026). All analyses were 
conducted with R (version 4.5.0).

RESULTS

Over the study period, 3,162,075 HF admissions were re-
corded, corresponding to a crude rate of 35.11 per 10,000 
person-years. A slight male preponderance emerged, and 
age was confirmed as the strongest determinant of risk, with 
rates increasing exponentially up to 228.31 per 10,000 per-
son-years in subjects aged ≥75 years. A marked seasonal 
pattern was observed, peaking in winter. The largest share of 
admissions (59.3%) fell within the intermediate comorbidity 
tier (Elixhauser 13–20). Temporal analysis revealed a long-
term structural decline, with a sharp drop in 2020 (−24%; 
RR 0.80) followed by a partial rebound in 2021–2022 (RR 
1.06). Highly complex patients (Elixhauser >20) showed no 
signs of recovery, with an accelerated decline in the late-pan-
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demic phase, whereas resource-intensive admissions (DRG 
weight >1.05) displayed a steadily increasing trend. The mod-
el incorporated region-specific random slopes, demonstrating 
that regional temporal trajectories were highly consistent with 
national aggregated estimates across all comorbidity profiles. 

CONCLUSIONS

The burden of HF hospitalizations in Italy remains substan-
tial and evolving, driven by population ageing, sex differenc-
es, seasonality and rising clinical complexity. Population-level 
data show no sustained, structural increase in admissions dur-
ing the late-pandemic phase: the observed fluctuations ap-
pear attributable to organizational and behavioural factors, 
such as service disruption and care avoidance, rather than to 
a true epidemiological shift. These findings highlight the need 
for integrated and resilient care models capable of ensuring 
continuity of HF management even during health emergen-
cies.
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INTRODUCTION

Primary Ovarian Insufficiency (POI) is a condition char-
acterized by the premature loss of ovarian function before the 
age of 40, leading to estrogen deficiency and several sys-
temic complications, including reduced bone mineral density 
(BMD). Although dual-energy X-ray absorptiometry is con-
sidered the gold standard for assessing BMD, its use may be 
limited by costs and waiting times. In this context, machine 
learning models may help identify patients at higher risk of 
low BMD at an earlier stage. 

OBJECTIVES

The aim of this study was to develop a machine learning 
model for the early prediction of reduced bone mineral den-
sity in women with POI, using medical history, clinical, lab-
oratory, genetic, and instrumental data collected in clinical 
practice. A secondary objective was to identify the variables 
most strongly associated with the outcome through model in-
terpretability techniques.

METHODS

The analysis was conducted on a clinical dataset of 250 
patients with POI from the Pediatric and Adolescent Gyne-
cology Unit, Careggi University Hospital, including demo-
graphic, clinical, hormonal, genetic, and autoimmune char-
acteristics. After a priori variable selection, based on literature 
and redundancy criteria, and multiple imputation of missing 
data, the dataset was split into a development (80%) and a 
test set (20%). Subsequently, the development set was split 
into a training (80%) and a validation (20%) sets; several su-

pervised classification algorithms including linear penalized 
models, Support Vector Machines, Random Forest, Gradient 
Boosting Machine, AdaBoost, XGBoost, and Gaussian Pro-
cess, were trained on the training set. For each algorithm, hy-
perparameter tuning was performed using 5-fold cross-vali-
dation within the training set, and the optimal hyperparameter 
configuration was selected based on the area under the 
receiver operating characteristic curve (AUC). The resulting 
models, fitted with their optimal hyperparameters, were then 
evaluated on the validation set for model selection. Finally, 
the best-performing model was assessed on the test set to ob-
tain an unbiased estimate of its predictive performance. Inter-
pretability was assessed using Shapley values.

RESULTS 

The analyzed population is relatively young, with a mean 
age of 27 years, and it’s characterized by marked hormonal 
variability, reflecting the underlying heterogeneity of the clin-
ical condition. In this context, ensemble and boosting-based 
machine learning models demonstrated the best overall dis-
criminative performance compared to other approaches. In 
particular, Random Forest achieved the highest predictive ac-
curacy on the independent test set, with an AUC of 0.803, fol-
lowed closely by Gradient Boosting Machine (AUC = 0.793), 
XGBoost (AUC = 0.769), and AdaBoost (AUC = 0.746), 
confirming the ability of tree-based ensemble methods in this 
setting. 

Calibration analysis further indicated a good agreement 
between predicted probabilities and observed outcomes. Fi-
nally, SHAP analysis highlighted the most relevant predictors 
of the outcome, including key clinical and laboratory varia-
bles such as FSH levels, body mass index, and age at me-
narche, in line with established clinical evidence.
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CONCLUSIONS

Machine learning models based on clinical and labora-
tory variables represent a promising tool for the early identi-
fication of POI patients at risk of reduced bone mineral den-
sity, improving risk stratification and clinical decision-making 
support. 
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INTRODUCTION

Type 1 diabetes (T1D) is an autoimmune disease where 
T cells gradually destroy pancreatic beta cells. The strongest 
genetic factors influencing T1D susceptibility are HLA-DQ 
haplotypes, which affect the variety of autoantigens pre-
sented to T cells. Islet autoantibodies, such as insulin (IAA), 
glutamic acid decarboxylase (GAD), islet antigen-2 (IA-2A), 
and zinc transporter 8 (ZnT8A), are established markers of 
autoimmune activity, with varying prevalence and clinical im-
plications among patients.

OBJECTIVES

To assess the relationship between HLA-DQ single alleles 
and pairs of allele combinations with the presence of four islet 
autoantibodies at the diagnosis of T1D in a pediatric cohort, 
we employed a data-driven variable selection approach fol-
lowed by robust regression modeling.

METHODS

A retrospective study was conducted involving 180 chil-
dren with Type 1 Diabetes (T1D) recruited at Buzzi Hospital 
between October 2014 and March 2025. All patients under-

went HLA-DQ genotyping, and individual allele carrier status 
was coded as binary variables. From the cohort, all pairwise 
allele combinations with sufficient frequency were identified 
and tested alongside single alleles as potential predictors. 
Variable selection for each autoantibody outcome was per-
formed independently using optimized Random Forest mod-
els, with hyperparameter tuning to minimize out-of-bag error. 
The top predictors identified were subsequently entered into 
Poisson regression models with robust sandwich variance es-
timation, yielding prevalence Risk Ratios (RR) and valid confi-
dence intervals. All p-values were adjusted for multiple com-
parisons using the Benjamini-Hochberg false discovery rate 
(FDR) procedure, applied globally across all tests.

RESULTS

Preliminary results indicate that specific alleles, namely 
DQ8 and DQ7, are independently associated with positivity 
for IA-2A after applying false discovery rate (FDR) correction. 
The relative risks (RR) for DQ8 and DQ7 are 1.48 (95% con-
fidence interval [CI] 1.13–1.96, p = 0.023) and 1.49 (95% 
CI 1.12–1.97, p = 0.023), respectively. However, no single 
allele was found to be significant for GADA, ZnT8A, or IAA 
positivity after adjustment. Among allele pairs with sufficient 
frequency, the combination of DQ5 and DQ6 showed a sig-
nificant association with IAA positivity, yielding an RR of 3.22 
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(95% CI 1.37–7.55, p = 0.011). Additionally, the allele pairs 
DQ8×DQ7 and DQ2×DQ7 were associated with IA-2A 
positivity, both showing an RR of 1.46 (95% CI 1.08–1.99, p 
= 0.021). No allele pairs reached significance for GADA or 
ZnT8A positivity after FDR correction.

CONCLUSIONS

This study shows that HLA-DQ alleles influence islet au-
toantibody profiles in children with T1D, both individually and 
in combination. Distinct signatures emerge across different au-
toantibody specificities. DQ8 and DQ7 are identified as in-
dependent predictors of IA-2A positivity, while combinations 
of alleles reveal additional associations that single alleles do 
not capture. Notably, the combination of DQ5 and DQ6 is 
linked to insulin autoantibodies (IAA), and the combination 
of DQ8 and DQ7 is associated with IA-2A. These findings 
support a combinatorial model of how HLA-DQ influences 
autoimmune targeting and provide a foundation for further 
validation in larger prospective studies.
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INTRODUCTION

Given the characteristics of the literature in the field of re-
habilitation, which is marked by substantial clinical heteroge-
neity, poor reporting, and complexity in terms of interventions 
and outcomes, conducting meta-analyses can be complex or, 
in some cases, impossible. In particular, the concept of clinical 
heterogeneity is addressed within the indirectness domain of 
the GRADE (Grading of Recommendations Assessment, De-
velopment, and Evaluation) approach, which is assessed “by 
evaluating how closely the population, intervention, compari-
son, and outcomes in the available evidence align with those 
specified in the question of interest”.

OBJECTIVES

As a first step toward developing a structured tool to assist 
systematic review authors in determining whether downgrad-
ing for indirectness is warranted, assessing the severity of in-
directness, and translating these judgments into appropriate 
levels of certainty downgrading in rehabilitation evidence 
synthesis according to GRADE’s threshold approach, this 
study aims to identify existing structured methods (i.e., tools, 
checklists and scales) for assessing indirectness in any bio-
medical field.

METHODS

This is a scoping review. MEDLINE, Embase, and CINAHL 
were searched using specifically designed search strategies 
up to May 20th, 2026. In addition, the GRADE Book, the 
Cochrane Handbook for Systematic Reviews of Interventions, 
the Joanna Briggs Institute Manual for Evidence Synthesis – 
2024 Edition, and the Agency for Healthcare Research and 
Quality (AHRQ) website were consulted. Eligible studies were 
articles or book chapters describing the development, imple-
mentation, empirical validation, or use of any tool, checklist, 
or scale, aimed at assessing, measuring, or generally investi-
gating indirectness (or related concepts) in evidence synthe-
sis. Study selection and data extraction were performed by 
two independent authors.

RESULTS

From 2593 individual records identified through database 
searching, two tools were identified, namely the Clinical Di-
versity In Meta-analyses (CDIM) tool and the Clinical Diver-
sity in Pediatric Meta-analyses (CDIPM) tool. The latter is a 
modified version of the former (specifically designed for pae-
diatric populations), available as a conference proceeding 
only. Both tools include four domains (i.e., setting, population, 
intervention, and outcome) and 11 items, each to be scored 
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as low, moderate, or high clinical heterogeneity/diversity 
(0-2 points). Additionally, indirectness tables for both a single 
trial and the entire body of evidence, and a summary table 
for applicability were identified from the GRADE Book and 
the AHRQ Methods Guide for Comparative Effectiveness Re-
views on applicability, respectively. The former included four 
subdomains (i.e., population, intervention, comparison and 
outcome) and four possible options regarding whether the 
evidence is sufficiently direct (i.e., Yes, Probably Yes, Probably 
No, and No), informing an overall judgement of indirectness 
across the subdomains. The latter requires a narrative assess-
ment of the applicability of the evidence across five domains 
(Population, Intervention, Comparators, Outcomes, and Set-
ting).

CONCLUSIONS

The findings highlight the paucity of structured methods 
available for assessing indirectness. At the same time, the 
identified methods largely share the same domains, likely sug-
gesting that these may represent the key components that a 
tool for assessing indirectness should address. This work rep-
resents the first step that will inform the development of a tool 
to assess indirectness in the field of rehabilitation evidence 
synthesis.
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INTRODUCTION

Artificial Intelligence (AI), particularly generative AI, is 
increasingly transforming educational and information-seek-
ing practices. Medical students are among the most frequent 
users of AI chatbots for learning and accessing medical in-
formation. However, due to their direct and dialogic mode 
of interaction, concerns have been raised regarding chatbots 
use and their potential impact on cognitive autonomy, critical 
thinking, and dependency-related attitudes.

OBJECTIVES

This study presents the preliminary findings of the broader 
DIADEMA Project, which investigates AI chatbot dependency 
among first-year medical students at the Universities of Paler-
mo and Catania. Specifically, this initial phase focuses on as-
sessing the acceptance and behavioural intention to use AI 
chatbots in this population.

MATERIALS AND METHODS 

Following informed consent, participants completed a 
questionnaire assessing sociodemographic, academic char-
acteristics and AI chatbot use for educational activities. Fur-
thermore, an adapted Italian UTAUT2 model assessing AI 

chatbot acceptance and behavioural intention, and the De-
pendency on AI (DAI) Scale, were used. Quantitative vari-
ables were summarized as means and standard deviations 
(SDs), whereas categorical variables were reported as fre-
quencies and percentages. The reliability of the UTAUT2 con-
structs was assessed using Cronbach’s alpha and McDonald’s 
omega coefficients. Confirmatory factor analysis (CFA) was 
performed to evaluate the factorial validity of the UTAUT2 
measurement model, and the model fit was assessed using 
the RMSEA and SRMR indices. Structural equation modelling 
(SEM), based on the UTAUT2 theoretical framework, was 
used to examine the relationships between latent constructs 
and behavioural intention to use AI chatbots, and results were 
reported as standardized path coefficients (β). Statistical sig-
nificance was set at p < 0.05.

RESULTS

A total of 248 first-year medical students were included 
in the analyses, with a mean age of 19.9 ± 2.7 years, 71.0% 
were female. Average grade was 22.8 ± 3.6 with mean CFU 
of 18.2 ± 2.9. Most students reported extensive experience 
with AI chatbots, 73.0% used them for more than one year. 
ChatGPT (75.4%) and Gemini (66.5%) were the most com-
monly used tools and 61.3% reporting chatbot use at least 
4 days per week. The scope of use was information retriev-
al (68.1%), academic tasks (46.4%), and exam preparation 
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(45.6%). All UTAUT2 latent constructs showed satisfactory 
reliability, Cronbach’s α between 0.74 (Facilitating Condi-
tions) and 0.92 (Performance Expectancy), McDonald’s ω 
between 0.78 (Facilitating Conditions) and 0.93 (Price Val-
ue). CFA supported the validity of the measurement model 
(RMSEA = 0.048; SRMR = 0.049). Effort expectancy (5.75 
± 0.92), facilitating conditions (5.70 ± 0.77), and perfor-
mance expectancy (5.44 ± 1.02) showed the highest mean 
scores. SEM identified performance expectancy (β = 0.784, 
p < 0.001) and habit (β = 0.267, p < 0.001) as significant 
predictors of behavioural intention, whereas no significant ef-
fects were observed for effort expectancy, social influence, 
facilitating conditions, hedonic motivation, or price value. The 
model explained 82.2% of the variance in behavioural inten-
tion (R² = 0.822).

CONCLUSIONS

These preliminary findings suggest that AI chatbots 
are widely adopted and positively perceived among first-
year medical students. Performance expectancy and habit 
emerged as the main determinants of behavioural intention 
to use AI chatbots.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) and heart 
failure (HF) are leading causes of hospitalisation and reduced 
quality of life in elderly populations. In Italy, the progressive 
implementation of the National Chronic Disease Plan and the 
emerging role of the Family and Community Nurse (IFeC),-
call for evidence on nurse-led care models’ impact on pa-
tient-centred outcomes. The “Evaluation of the effectiveneSs 
of a new managEmeNt modEl for patients with Chronic ob-
structive pulmonary disease and/or heArt failure” (SENECA) 
study evaluate a new IFeC-based care model at ASL Alessan-
dria, incorporating systematic collection of Patient-Reported 
Outcome Measures (PROMs) and Patient-Reported Experi-
ence Measures (PREMs) at enrolment and at six-month fol-
low-up.

OBJECTIVES

The study aims to assess pre-post changes in health-relat-
ed quality of life, care experience and therapeutic adherence 
after six months of IFeC-led follow-up; secondary, to explore 
the presence of socio-demographic and clinical predictors of 
change in patient-reported outcomes.

METHODS

SENECA is a prospective observational study enrolling pa-
tients discharged with diagnosis of COPD, HF or both from hos-
pitals of Casale Monferrato, Acqui Terme, Novi Ligure, Tortona, 
and from Community Health Center of Moncalvo.

Quality of life, patient-reported outcomes and medication 
adherence were assessed at baseline (T0) and at six-month fol-
low-up (T1)using the SF-12 Standard Version 1, IC-PREM-I, and 
the 8-item Morisky Medication Adherence Scale (MMAS-8).
Normality of score changes was assessed using Shapiro-Wilk 
test to guide the choice between parametric and non-paramet-
ric methods; changes between T0 and T1 were evaluated using 
the Wilcoxon signed-rank test for continuous outcomes, while 
changes in dichotomised medication adherence categories 
were assessed using McNemar’s test  Independent predictors 
of change in the SF-12 physical (ΔPCS) and mental (ΔMCS) 
component scores were estimated via robust multiple linear re-
gression, with baseline scores included as covariates. Analyses 
were performed in Stata v17.

RESULTS

A total of 237 patients (median age 81 years;50.2% fe-
male)were enrolled: 47.3% with diagnoses of COPD, 26.6% 
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with heart failure, 26.1% with both.
The PREM score increased significantly from T0 to 

T1 across all sites (mean 12.62 vs 13.36;Wilcoxon z=-
6.02,p<0.001), reflecting greater satisfaction with the care 
experience. Therapeutic adherence increased significant-
ly(McNemar p=0.014;OR = 3.0,95% CI:1.14–9.23).

Both SF-12 components improved significantly at fol-
low-up (PCS:p<0.001;MCS:p=0.001);43% of patients 
reached the minimum clinically important difference (Mini-
mal Clinically Important Difference-MCID≥3 points) for the 
physical component. Diagnosis-stratified analyses showed 
significant SF-12 improvements in both the COPD and HF 
subgroups; in the comorbidity group, improvement reached 
significance only for the mental component. Regression mod-
els identified female sex(β =−3.97 for ΔPCS; p<0.004),co-
morbidity diagnosis(β =−4.91 for ΔPCS; p<0.002)and base-
line adherence(medium:β=+7.50,p<0.001;high:β=+4.72, 
p=0.018,for ΔMCS)as independent predictors of PROMs 
change.

CONCLUSIONS

The IFeC-based care model evaluated in the SENECA 
study is associated with clinically and statistically significant 
improvements in PROMs and PREMs in an elderly chronic 
patient population, although the reduced score variability 
observed for PREM at follow-up may indicate a ceiling ef-
fect warranting further investigation. Baseline therapeutic ad-
herence emerged as a key predictor of mental health gain, 
supporting the need for adherence-stratified interventions. 
The Seneca study, initiated concurrently with the launch of this 
care model, represents a first step toward future larger-scale 
studies aimed at identifying the factors most strongly associ-
ated with overall patient satisfaction, encompassing physical 
health, psychological well-being, and quality of life. 
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INTRODUCTION

Large language models (LLMs) match or exceed physi-
cian accuracy on benchmark diagnostic tasks. Whether high-
er accuracy reflects human-like diagnostic behavior, which 
bears on how safely clinicians can supervise these systems, 
is rarely assessed.

OBJECTIVES

To determine whether diagnostic accuracy and alignment 
with human reader responses move together across widely 
accessible LLMs under default, point-of-care conditions.

METHODS

This cross-sectional evaluation submitted the 29 most 
recent New England Journal of Medicine (NEJM) case 
challenges to 5 publicly accessible LLMs (GPT-5, Claude, 
Google Gemini, DeepSeek, and Grok) through each mod-
el’s web interface (November 5-8, 2025) at default settings, 
one query per case, no system prompt. Each case offered a 
clinical vignette and 6 candidate diagnoses; published hu-

man reader response distributions (4386-17 714 per case; 
median, 7732) were the comparator. Diagnostic accuracy 
against the published gold-standard diagnosis, compared 
with the human reader majority by the exact McNemar test; 
agreement by Cohen κ; alignment by a human-error similarity 
index (the share of model errors on cases the reader majori-
ty also missed) and by the Jensen-Shannon divergence (JSD) 
between each model’s response and the reader distribution; 
and ordinary least squares regression of per-case JSD on nor-
malized reader-disagreement entropy.

RESULTS

Reader majority accuracy was 48.3% (95% CI, 31.4-
65.6). All 5 reached or exceeded this value, from 51.7% for 
DeepSeek (95% CI, 34.4-68.6) to 82.8% for Grok (95% CI, 
65.5-92.4); Grok (P = .02), GPT-5 (P = .004), and Gemini 
(P = .04) significantly exceeded the reader majority, where-
as Claude and DeepSeek did not. Grok, the most accurate 
model, showed the weakest alignment (similarity index, 0.40; 
mean JSD, 0.50 bits), with 3 of 5 errors on cases readers 
answered correctly. GPT-5 showed the strongest alignment 
(index, 1.000), failing only on cases that also challenged 
readers. For 4 of 5 models, divergence rose with reader-disa-
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greement entropy; DeepSeek was the exception.

CONCLUSIONS

In this evaluation, diagnostic accuracy and alignment with 
human reader responses diverged across LLMs. Because a 
model can outperform clinicians in aggregate yet fail where 
oversight is least likely to detect it, evaluation of clinical AI 
should weigh error structure alongside accuracy.
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INTRODUCTION

Urban greening has become a key strategy for promot-
ing population health and supporting sustainable urban 
planning. Although Health Impact Assessments (HIAs) can 
quantify the potential health benefits of alternative greening 
scenarios, they rarely provide practical guidance on how 
limited green infrastructure should be spatially allocated to 
maximize public health gains under real-world planning 
constraints.

OBJECTIVES

This study aimed to develop a spatial optimization 
framework to prioritize urban greening interventions at the 
census tracts level in the municipality of Florence (Italy). The 
proposed algorithm allocates additional tree cover while 
accounting for land availability constraints and maximizing 
the reduction in attributable deaths (AD) associated with 
greenness exposure.

METHODS

Deaths in 2025 among residents aged ≥35 years were 
redistributed from the municipal to the census tracts level us-
ing a multinomial allocation weighted by the local age and 
sex population structure. Exposure in 2023 was measured 
as mean Tree Cover Density (TCD). Since the exposure-re-
sponse function, derived from the literature, was estimated 

for the Normalized Difference Vegetation Index (NDVI), a 
generalized additive model (GAM) was used to calibrate 
TCD into NDVI. Uncertainty in the exposure-response func-
tion and stochastic mortality allocation was propagated 
through Monte Carlo simulations and incorporated into the 
optimization framework. An iterative greedy optimization al-
gorithm was then developed to allocate additional tree cov-
er by maximizing the marginal reduction in AD per square 
meter of new tree cover. At each iteration, tree cover was 
incrementally assigned to the census tract with the highest 
expected marginal health benefit, subject to realistic spa-
tial constraints, including the available plantable area and a 
maximum target of 10% TCD, consistent with the 2024 Na-
ture Restoration Law.

RESULTS

Among the 2,168 census tracts in Florence, 395 had al-
ready achieved the 10% TCD target in 2023, leaving 1,773 
sections eligible for additional greening interventions. The 
proposed optimization framework allocated new tree cover 
to 1,740 census tracts while using approximately 8.5% of 
the total potentially plantable area available across the mu-
nicipality. Overall, the optimized allocation increased TCD 
and NDVI across eligible census tracts and was associat-
ed with an estimated reduction of approximately 48 deaths 
among residents aged ≥35 years. The prioritization strategy 
consistently selected census sections with the highest expect-
ed marginal health benefit while satisfying all spatial con-
straints.
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CONCLUSIONS

The proposed framework extends conventional HIA by in-
tegrating statistical modelling with spatial optimization to sup-
port evidence-based urban greening policies. Although still 
largely theoretical, this approach represents a step toward a 
practical decision-support tool for identifying where limited 
greening resources can generate the greatest public health 
benefit under realistic implementation constraints.
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BACKGROUND

Soft drinks, and specifically sugar-sweetened non-al-
coholic beverages, have been associated with metabolic 
disease, all-cause and cancer mortality in selected studies. 
However, findings for gastric cancer are inconsistent. 

OBJECTIVES

To evaluate the association between sugar sweetened 
soft drinks and the risk of gastric cancer using data from the 
StoP Project, a global consortium of gastric cancer including 
34 case-control and nested cohort studies from the Americas, 
Asia and Europe.

METHODS

We conducted a pooled analysis within the StoP Project, 
using harmonized data from 17 case-control and nested co-
hort studies with available information on soft drinks. In the 
present work we did not consider low-calorie sweetened 
beverages. Overall, 5,929 gastric cancer cases and 16,092 
controls were included. Soft drink intake was categorized ac-
cording to frequency of consumption. Odds ratios (OR) for 
gastric cancer, and the corresponding 95% confidence inter-
vals (CI), were computed using logistic regression models ad-
justed for relevant confounders, including total energy intake. 
Pooled ORs were computed using random-effects models. For 
dose-risk assessment, we fitted restricted cubic spline models 
in a two-stage dose-risk meta-analysis.

RESULTS

Compared with non-consumers, the pooled OR for gastric 
cancer was 1.18 (95% CI 0.98–1.42) for 2 servings/week to 
less than 1 serving/day, 1.42 (95% CI 1.06–1.91) for 1 serv-
ing/day, and 1.64 (95% CI 1.17–2.30) for more than 1 serv-
ing/day. Dose-risk analysis showed a progressive increase in 
gastric cancer risk with higher soft drink intake: OR 1.09 (95% 
CI 0.92–1.30) at 0.5, 1.25 (95% CI 0.99–1.59) at 1, 1.50 
(95% CI 1.13–2.00) at 1.5, and 1.81 (95% CI 1.22–2.69) at 
2.0 servings/day. No significant heterogeneity was found in 
stratified analyses by age, sex, alcohol consumption and total 
energy intake.

CONCLUSIONS

Sugar sweetened soft drink consumption was associated 
with an increased risk of gastric cancer, with a dose-risk re-
lationship. 
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INTRODUCTION

Exposure to high altitude (HA) is associated with hypo-
baric hypoxia, a physiological condition that may induce 
significant cardiovascular adaptations, including changes in 
systolic blood pressure (SBP). Although several studies have 
investigated the effect of acute HA exposure on SBP, their 
findings remain heterogeneous, and the magnitude of SBP 
changes appears to vary across different settings and pop-
ulations. In particular, the shape of the relationship between 
altitude and SBP have not yet been clearly established. 

AIM

The primary aim of this meta-analysis was to investigate 
the relationship between altitude levels and the SBP changes.

METHODS

We searched PubMed, Embase, and the Cochrane Li-
brary to identify studies published up to February 28, 2025, 
using the search terms “(altitude OR hypoxia) AND blood 
pressure AND humans”. We included studies enrolling 
adults (>18 years) permanently living below 1000 m above 
sea level (lowlanders), who were assessed both at sea level 
and during acute exposure to high altitude (>2500 m above 
sea level). Eligible studies reported conventional SBP as a 
continuous outcome before and during high-altitude expo-
sure (or the corresponding mean difference) and provided 

a measure of variability for the SBP values. To investigate 
the relationship between SBP changes (related to sea lev-
el) and altitude, we applied the one-stage dose–response 
meta-analysis proposed by Orsini and Crippa, restricted 
to studies including at least two different high-altitude ex-
posure levels. We additionally explored the altitude–SBP 
relationship using a more flexible multilevel mixed-effects 
meta-regression model, including all available SBP meas-
urements. Within both approaches, we evaluated linear and 
restricted cubic splines and compared their goodness of fit 
using the Akaike Information Criterion (AIC).

RESULTS

We included 10 studies that reported SBP measurements 
at two or more high-altitude levels, whereas 31 reported a 
single SBP measurement during high-altitude exposure. In 
the dose–response meta-analysis, the restricted cubic spline 
model with knots at the 5th, 50th, and 95th percentiles ap-
peared to fit the available data slightly better than the alter-
native models (AIC = 461.62), suggesting a non-linear rela-
tionship between altitude and SBP, with larger SBP increases 
observed at higher altitude levels. Consistent findings were 
observed in the multilevel mixed-effects meta-regression, 
where the same spline specification achieved the lowest AIC 
(512.39) and showed a similar pattern of progressively larger 
SBP increases with increasing altitude.
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CONCLUSIONS

Our preliminary analyses suggest a possible non-linear 
relationship between altitude and SBP, with a tendency to-
ward greater SBP increases at higher altitudes. Although both 
modelling approaches showed broadly consistent results, the 
existence and location of a potential threshold point remain 
uncertain. The clinical relevance of these BP increases, par-
ticularly in individuals at high cardiovascular risk, remains to 
be established.
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INTRODUCTION

The American Psychiatric Association defines Gender 
Dysphoria (GD) as a psychiatric diagnosis that refers to the 
psychological distress that results from an incongruence be-
tween one’s sex assigned at birth and one’s gender identity. 
Physicians play a crucial role in supporting people experienc-
ing this psychological distress, by providing healthcare, infor-
mation, and referrals. To ensure this support, both practitioners 
and specialists must possess specific knowledge and skills. 

OBJECTIVES

To assess physicians’ knowledge in GD, their clinical ex-
perience, and their perceived competence in managing pa-
tients with DG.

METHODS

The data were collected by a web-based survey per-
formed between May and July 2025. All physicians working 
in Marche Region in 2025 were invited to participate. The 
survey consisted of an anonymous questionnaire containing 
open and closed-ended questions, covering four areas of 
interest: information on the participants’ professional role, 
clinical experience with patients with GD, specific training 
on DG, institutional support for DG management. Variables 

were summarized using frequencies and percentages. Asso-
ciations were evaluated using Chi-square or Fisher’s Exact 
test, when appropriate. Statistical analyses were conducted 
using R.

RESULTS 

A total of 553 physicians took part in the survey (16.4% 
of the target population), 55.2% were general practitioners 
or pediatricians (42.9% and 12.3%, respectively), 45.8% had 
been working for more than 20 years, 54.4% had experience 
with people exhibiting GD, and 71% of these reported hav-
ing encountered no more than 5 such individuals during the 
course of their professional practice. Among physicians with 
experience with GD cases, about 60% reported the presence 
of comorbidities, in particular symptoms of anxiety, depres-
sion and other disorders, in their patients. 

Considering only the complete questionnaires (n=442), 
87% did not feel prepared to manage complications resulting 
from hormone therapies, 81% believed they had not received 
specific training on GD during their medical education and 
professional practice, 74% did not feel supported by their col-
leagues and their institution in managing patients with DG, 
and 85% were unaware of a specific facility for patients wish-
ing to begin treatment. Physicians with more than 10 years 
of professional practice were more likely to have clinical ex-
perience with patients with GD (p = 0.009). In turn, physi-
cians with previous GD-related clinical experience reported 
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significantly higher perceived competence in managing these 
patients (p=0.001).

CONCLUSIONS

This survey revealed substantial gaps in physicians’ 
knowledge, training, and perceived preparedness regard-
ing the management of patients with gender dysphoria in 
the Marche Region. Most respondents reported clinical ex-
posure, insufficient training, lack of institutional support, and 
poor awareness of referral services. General practitioners 
and paediatricians may play a pivotal role because of their 
involvement in first contact and long-term care. Although the 
findings should be interpreted considering the low response 
rate and the self-reported nature of the data, they suggest 
the need for structured educational initiatives and improved 
healthcare pathways to support the management of patients 
with GD.
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INTRODUCTION 

Multiple myeloma is a hematological malignancy asso-
ciated with a marked immunosuppression state and a con-
sequent increased risk of vaccine-preventable infections. In 
this vulnerable population, the main guidelines recommend 
specific vaccination strategies, including influenza, pneumo-
coccal, herpes zoster, and SARS-CoV-2 vaccinations, but in 
clinical practice, the implementation of these recommenda-
tions is often incomplete and uneven for several reasons.

OBJECTIVES

To describe vaccination coverage among patients with 
multiple myeloma treated at a referral center and to evalu-
ate the level of implementation of recommended vaccination 
strategies in clinical practice. The impact of SARS-CoV-2 vac-
cination on overall coverage estimates and its relationship 
with survival was also analyzed.

METHODS

A retrospective observational study was conducted on 
a cohort of 379 patients diagnosed with multiple myeloma 
followed at the AOUP CT. For each patient, information re-

garding SARS-CoV-2, influenza, pneumococcal, herpes 
zoster, and meningococcal vaccinations was reconstructed 
from the clinical and vaccination database. Binary variables 
were created for each vaccine and an overall vaccination 
coverage variable, calculated both including and excluding 
SARS-CoV-2 vaccination. The demographic characteristics of 
the cohort and individual vaccine coverage were described. 
Associations between vaccination status, age groups (<50, 
50–64, 65–74, ≥75 years), and gender were assessed using 
the chi-square test. An exploratory survival analysis using the 
Kaplan–Meier method was also performed, excluding SARS-
CoV-2 vaccination.

RESULTS 

The cohort included 379 patients with multiple myeloma, 
with a slight male predominance (54.5%) and a median age 
at diagnosis of 66 years (IQR 57–74). Overall vaccination 
coverage was 75.5%; however, excluding SARS-CoV-2 vac-
cination, it dropped to 47.0%, highlighting the crucial role of 
COVID-19 vaccination campaigns. SARS-CoV-2 vaccination 
was the most frequent (73%), followed by influenza vaccina-
tion (42%), while pneumococcal (23%), herpes zoster (15%), 
and meningococcal (4%) coverage were significantly low-
er. Considering overall coverage, the association with age 
groups was significant (χ² = 8.57; p = 0.036), but lost signifi-

General Epidemiology ISSN 2282-0930 • Epidemiology Biostatistics and Public Health - SISMEC Congress 2026 - Vol. 21 Suppl. 1

© 2026 Antonella Ippolito. et al..

Implementation of Vaccination Strategies for Fragile 
Patients in Hospital: The Experience of a Tertiary 
Care Center with Hematology Patients

Antonella Ippolito(1), Gabriele Giorgianni(2), Alessandra Romano(3), Vittorio Grieco(4), Alessia Scapellato(5), 
Antonina Torrisi(6), AlessiaDi Prima(6), Rosalia Ragusa(7)

 Antonella Ippolito 0000-0002-9616-2957

(1) Scuola di Specializzazione Statistica Sanitaria e Biometria – Dipartimento di Sanità Pubblica, Medicina Sperimentale e Forense-Università 
di Pavia - Dipartimento di Prevenzione Medica - UOSD - Registro Tumori, Pavia, Italy
(2) UOS Attività Vaccinali metropolitane e provinciali ASP 3 Catania, Catania, Italy
(3) UOC Ematologia - AOU Policlinico “G. Rodolico – San Marco”, Catania, Italy
(4) Dipartimento di Prevenzione Asp 5 Messina, Italy
(5) Scuola di Specializzazione in Igiene e Medicina Preventiva, Università di Catania, Catania, Italy
(6) Registro Tumori Integrato Catania-Messina-Enna - AOU Policlinico “G. Rodolico – San Marco”, Catania, Italy
(7) Coordinatore Commissione HTA – AOU Policlinico “G. Rodolico-San Marco” Catania, Italy

CORRESPONDING AUTHOR: Antonella Ippolito, Scuola di Specializzazione Statistica Sanitaria e Biometria – Dipartimento di Sanità 
Pubblica, Medicina Sperimentale e Forense-Università di Pavia, Pavia, Italy. E-Mail: antonellaippolito81@gmail.com

DOI: 10.54103/2282-0930/32189

https://orcid.org/0000-0002-9616-2957
https://doi.org/10.54103/2282-0930/32189


97

General Epidemiology ISSN 2282-0930 • Epidemiology Biostatistics and Public Health - SISMEC Congress 2026 - Vol. 21 Suppl. 1

DOI: 10.54103/2282-0930/32189

cance when excluding the anti-SARS-CoV-2 component (χ² = 
4.16; p = 0.245). Anti-pneumococcal and anti-Herpes Zoster 
coverage showed significant differences between age groups 
(p = 0.018 and p = 0.027), with lower levels in older subjects; 
no differences emerged by gender (p=0.680). Exploratory 
survival analysis, conducted excluding the anti-SARS-CoV-2 
vaccine, showed better survival in vaccinated patients com-
pared to unvaccinated ones (log- rank χ² = 67.03; p < 0.001).

CONCLUSIONS 

The results show that, in patients with multiple myeloma, 
overall vaccination coverage may mask insufficient imple-
mentation of recommended vaccinations other than the SARS-
CoV-2 vaccine. The persistence of low coverage for some key 
vaccines and the observed improved survival rate among 
vaccinated subjects support the need to strengthen dedicated 
vaccination programs that are systematically integrated into 
hematology practice in this population.
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INTRODUCTION

An accurate estimation of the glomerular filtration rate 
(eGFR) is essential for chronic kidney disease (CKD) manage-
ment and clinical decision-making. The CKD-EPI 2009 has 
long been the standard but it is currently being replaced by 
new equations designed to correct some of its shortcomings. 
Specifically, in 2021 the European Kidney Function Consorti-
um (EKFC) developed a full age spectrum equation aimed at 
improving accuracy by introducing age- specific parameters. 
Unlike the CKD-EPI equation, which applies a single fixed age 
coefficient, the EKFC equation theory supports a non-linear de-
cline of kidney function, where GFR remains quite stable until 
40 years of age before progressively decreasing with ageing.

OBJECTIVES

To understand how eGFR estimates obtained by CKD-EPI 
and EKFC differ according to age and sex, and to assess the 
impact of CKD categories reclassification and subsequent 
clinical decision making induced by shifting from the CKD-EPI 
2009 to the EKFC equation.

METHODS

Data were retrospectively collected from the Emilia-Ro-
magna regional PIRP registry of individuals with chronic kid-

ney disease, which was established in 2004 and includes 
data from patients attending the 12 hospital nephrology units 
of the region. For this analysis, we selected patients who en-
tered PIRP from 2009 onwards and medical records with cre-
atinine range 0.45-5.54 mg/dl to ensure compatibility with 
creatinine calibration methods used by EKFC. After excluding 
records with known data quality issues, we obtained a cohort 
of 127,876 medical records from 30,549 patients. Calculat-
ed eGFR was grouped into categories (G1 to G5) accord-
ing to the KDIGO CKD guidelines. Statistical analyses were 
all descriptive and included gender-specific scatterplots to 
compare the delta between formulae (CKD-EPI - EKFC) and 
patients’ age.

RESULTS

The EKFC equation provided lower eGFR estimates than 
CKD-EPI in 80.7% of records. This was particularly evident in 
younger and older age groups, while higher estimates from 
EKFC concentrated around 40 years of age. Grouping ac-
cording to the baseline eGFR placed 87.9% of patients in the 
same category. EKFC estimation using baseline data classi-
fied 254 patients (0.8%) in a less advanced CKD group and 
3418 patients (11.2%) in a more advanced CKD group. Di-
alysis initiation was disproportionately lower (2.5% vs. 8.9% 
overall) and higher (36.2%) in patients assigned to a more 
or less advanced CKD group by EKFC, respectively. Deaths 
were disproportionately lower when EKFC assigned patients 
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to a less advanced CKD group (10.2% vs. 30.6% overall).

CONCLUSIONS

Consistent with previous literature, our results showed 
that EKFC equation tend to attribute lower eGFR values than 
CKD-EPI equation. However, this was not uniformly distrib-
uted across all age brackets, due to the age dependency 
of GFR hypothesized in the EKFC equation. For 10% of pa-
tients, switching to the EKFC estimate would have resulted in 
a change of CKD grouping, which could have impacted dis-
ease management. Assuming that the hypothesis of age-GFR 
relationship made in EKFC is more accurate than that underly-
ing CKD-EPI, this figure indicates that in absolute terms a great 
number of patients would benefit from the switch. Neverthe-
less, the observed discrepancies in clinical outcomes warrant 
careful further investigation.
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INTRODUCTION

Pancreatic cancer is the fourth leading cause of can-
cer-related mortality in Europe, accounting for approximate-
ly 140,000 deaths in 2024. While mortality for many major 
cancers has declined over recent decades, pancreatic cancer 
did not decline and is characterized by a poor prognosis and 
high fatality rates. This reflects the lack of population screen-
ing, the high proportion of diagnoses at advanced stages due 
to nonspecific symptoms, and the limited efficacy of current 
treatment. Monitoring mortality trends and geographical in-
equalities across Europe is therefore essential to assess the 
evolving disease burden.

OBJECTIVES

The aim of this study was to describe pancreatic cancer 
mortality trends in Europe and the USA from 1990 to 2024 
and to investigate differences across countries and sexes. 

METHODS

Pancreatic cancer death counts for the period 1990-
2024 were obtained from the World Health Organization, 
while population estimates were retrieved from the United 
Nations Population Division. Analyses were restricted to Eu-
ropean countries with at least 1 million inhabitants, no on-
going armed conflicts, medium-to-high mortality data quality 
(usability ≥60%), and at least 20 years of available data. The 
USA was also considered. Age-standardised mortality rates 
(ASMRs) per 100,000 were computed for each country and 
the EU-27 using the world standard population. Joinpoint 

regression models were used to identify significant changes 
in mortality trends, estimating annual percentage changes 
(APCs) for each time segment and average annual percent-
age changes over the entire study period. For the EU-27 and 
the USA, mortality rates were projected up to 2030.

RESULTS

Twenty-nine European countries and the USA were in-
cluded. In the triennium 2020-2022, ASMRs for pancreat-
ic cancer in the EU-27 were 8.06 per 100,000 males and 
5.15 per 100,000 females, while in the USA they were 7.35 
in males and 5.59 in females. The highest mortality rates 
were observed in Hungary, Latvia, and the Czech Republic, 
where ASMRs exceeded 10 per 100,000 males and 7 per 
100,000 females. Recent trends showed decreasing mortality 
among males in the EU-27 (APC 2018-2023: -0.6, 95% CI: 
-1.0, -0.2) and no significant changes among females (APC 
2019-2023: -0.3, 95% CI: -1.0, 0.4). In the USA, mortality 
rates did not significantly change among males (APC 2001-
2023: -0.0, 95% CI: -0.1, 0.1), whereas an upward trend was 
observed among women (APC 2002-2023: +0.2, 95% CI: 
0.1, 0.3). By 2030, ASMRs in the EU-27 is predicted to reach 
7.64 (95% Prediction interval, PI: 7.38, 7.91) per 100,000 
males and 5.56 (95% PI: 5.23, 5.91) per 100,000 females in 
the EU-27. Corresponding figure for the USA were 7.36 (95% 
PI: 7.26, 7.46) per 100,000 males and 5.69 (95% PI: 5.59, 
5.78) females.

CONCLUSIONS

Overall, pancreatic cancer mortality in the EU-27 and the 
USA has stopped rising among men since the mid-2020s and 
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is predicted to moderately decline through 2030. However, 
several European countries showed stable or increasing mor-
tality, while trends remained less favourable among women. 
The results confirm the limited progress in reducing the burden 
of this highly lethal malignancy and reveal important geo-
graphical inequalities across Europe, reflecting differences in 
tobacco smoking, obesity, and diabetes.
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INTRODUCTION

Patient-Reported Outcome Measures (PROMs) are cen-
tral to evaluating surgical effectiveness. In the NHS England 
PROMs programme, only 27% of hip replacement episodes 
yielded post-operative responses in 2023/24. When miss-
ingness depends on the unobserved outcome (Missing Not 
At Random, MNAR), standard methods yield biased esti-
mates. Sensitivity analysis via pattern-mixture models and 
tipping-point approaches is recommended (ICH E9(R1)), yet 
requires expert judgment for parameter specification and in-
terpretation, making it underutilized. Agentic AI systems, ca-
pable of autonomous reasoning and tool use, may automate 
this workflow while preserving statistical rigor.

OBJECTIVES

To develop and evaluate an agentic AI system that auton-
omously conducts MNAR sensitivity analysis on PROMs data, 
comparing its accuracy and efficiency against exhaustive 
grid-based approaches.

METHODS

We used the NHS England PROMs 2023/24 dataset 
(Open Government Licence v3), selecting N=11,629 prima-
ry hip replacements with complete Oxford Hip Score (OHS) 
responses (mean health gain 22.6, SD=10.2). A margin-
al-benefit synthetic scenario (gain ≈ 5.5) was generated to 
test tipping-point identification. Non-response was simulated 
via a selection model P(R=1|X,Y) = expit(α₀ + α₁X + δY*), 
with δ controlling MNAR severity and target missingness of 
15%, 25%, and 35%.

The agent was built using the open-source Strands 
Agents SDK with Amazon Bedrock (Claude Sonnet 4). It 
was equipped with five statistical tools for baseline analyses, 

pattern-mixture evaluation, grid-based tipping-point search, 
bisection refinement, and clinical context retrieval. The agent 
autonomously decides which δ values to evaluate, when to 
refine, and when to conclude.

The comparator was exhaustive search over a fixed 
10-point δ-grid with m=20 imputations and Rubin’s rules. Per-
formance was assessed via concordance, tipping-point accu-
racy, number of δ-evaluations, and computation time across 
30 Monte Carlo replications (Phase 1 and 2) and 90 agent 
runs per scenario (Phase 3), with n=2,000 bootstrap samples.

RESULTS

On real NHS data at 25% simulated missingness, bias 
increased monotonically with MNAR severity (MI-MAR bias 
−1.24 at δ=−1) and was negligible under MAR (bias < 0.04 
at δ=0). In the high-effect scenario (gain=22.6), both the ex-
haustive grid (360 replications) and the agent (90 runs) con-
firmed robustness in 100% of cases. In the marginal-benefit 
scenario (gain=5.5), the exhaustive grid found tipping points 
only at 35% missingness (tipping point −4.03 at true δ=−3.0, 
found in 97% of reps; tipping point −4.63 at true δ=−2.0, 
found in 53%).

The agent identified tipping points in 100% of runs. At 35% 
missing with true δ=−2.0, the agent found mean δ̂_tip=−4.52 
(SD=0.47), concordant with the grid, using 5.6 tool calls in 71 
seconds. The agent achieved higher detection than the fixed 
grid (100% vs 53%) because adaptive exploration extends 
beyond predefined boundaries. The agent consistently pro-
vided clinically contextualized interpretation.

CONCLUSIONS

An agentic AI system can autonomously conduct MNAR 
sensitivity analysis on real PROMs data, identifying tipping 
points with accuracy concordant to exhaustive methods and 
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higher detection sensitivity due to adaptive exploration. The 
approach reduces the expertise barrier for routine sensitivi-
ty analysis in PROMs programmes where high non-response 
makes MNAR a concrete concern. Source code is publicly 
available.
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INTRODUCTION

Network medicine provides a framework through 
which many biomedical phenomena are currently under-
stood, reflecting the multidimensional nature of available 
data (e.g., genes, diseases, functional parameters). This 
is particularly relevant in aging research, where aging is 
driven by interconnected biological processes spanning 
multiple physiological domains. However, most existing 
network analysis tools are limited to single layer or homo-
geneous data structures, and uncertainty quantification is 
rarely addressed.

OBJECTIVE

Develop a statistical framework for the estimation and in-
terpretation of heterogeneous single and multilayer networks 
and to demonstrate its application in aging-related biomed-
ical data.

METHODS

We developed an R package, MixMashNet, for the es-
timation and analysis of heterogeneous single and multilay-
er networks using Mixed Graphical Models (MGMs). The 
MGM framework enables the joint modelling of continuous, 
categorical, and binary variables, allowing the definition of 
distinct yet interconnected layers. Importantly, the estimation 
procedure incorporates regularization penalties specifical-
ly designed to address the challenges of high-dimensional 
data. MixMashNet supports both intra and interlayer con-
nections, offering control over which layers can interact and 

which remain independent, while allowing adjustment for 
selected covariates.

The package provides tools for community detection using 
different algorithms, estimation of centrality and bridge-cen-
trality indices, and computation of community scores. In ad-
dition, non-parametric bootstrap procedures are implement-
ed to evaluate uncertainty of community assignments, edge 
weights and node centralities. MixMashNet also enables 
the identification of excluded nodes that may act as bridg-
ing nodes between biological processes. Visualization tools 
based on ggplot2 and Shiny are included for interactive net-
work exploration. 

RESULTS

The proposed framework enables the estimation and char-
acterization of complex dependency structures in biomedical 
data while incorporating uncertainty quantification through 
bootstrap procedures. MixMashNet supports the identifica-
tion of stable network organization, community structure, and 
node-level properties, facilitating the interpretation of multi-
dimensional biological systems. In particular, the framework 
enables the identification of bridge nodes connecting differ-
ent biological domains, including nodes excluded from sta-
ble community assignment that may still contribute to network 
connectivity. MixMashNet was applied to several biomedi-
cal datasets, including aging-related biomarker data from the 
Swedish National Study on Aging and Care in Kungsholmen 
(SNAC-K) cohort, illustrating its potential for investigating in-
teractions across different domains such as chronic diseases 
and blood-based biomarkers. 
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CONCLUSION

MixMashNet provides a unified framework for the estima-
tion, visualization, and interpretation of heterogeneous single 
and multilayer networks with integrated uncertainty quantifi-
cation. By supporting the investigation of complex biological 
mechanisms and their connections, MixMashNet may facil-
itate the generation of clinically interpretable hypotheses in 
network medicine, aging research and precision medicine.
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INTRODUCTION

Depression has been identified as a risk factor for Acute 
Myocardial Infarction (AMI); however, uncertainty persists 
regarding the prognostic implications of pre-existing depres-
sion and its treatment in patients with AMI.

OBJECTIVES

This study aimed to investigate the prognostic role of de-
pression in patients with AMI, evaluating in-hospital mortality, 
one-year mortality and one-year rehospitalization for recur-
rent AMI or acute heart failure. 

METHODS

A population-based cohort study was conducted using 
administrative healthcare databases from Lombardy, Italy. 
The study included all adult patients (≥18 years) hospitalized 
between 2009 and 2022 with a diagnosis of acute myocar-
dial infarction. Pre-existing depression was identified from 
patients’ clinical history recorded in the two years preceding 
the index myocardial infarction. Associations were estimat-
ed using multivariable models, including log-binomial re-
gression for in-hospital mortality, Cox proportional hazards 
models for one-year mortality, and Fine and Gray compet-
ing risks models for one-year rehospitalization. All models 
were adjusted for baseline comorbidities and medication 
use.

RESULTS

The study included 213,057 adult patients with acute my-
ocardial infarction, 29,254 (13.73%) of whom had pre-exist-
ing depression. Compared with patients without depression, 
those with depression were older, more likely to be female, 
and had a higher prevalence of baseline comorbidities and 
medication use. Pre-existing depression was independently 
associated with increased risk of in-hospital mortality (ad-
justed RR: 1.23; 95% CI: 1.19–1.27) and one-year mortality 
(adjusted HR: 1.26; 95% CI: 1.23–1.30). After adjustment 
for baseline characteristics, pre-existing depression was not 
associated with an increased risk of one-year rehospitaliza-
tion (adjusted HR: 0.94; 95% CI: 0.91–0.97). Within the sub-
group of patients with depression, no significant differences 
in the study outcomes were observed between treated and 
untreated individuals.

CONCLUSIONS

These findings highlight the prognostic relevance of 
pre-existing depression in patients with acute myocardial in-
farction. An independent association with adverse outcomes 
was observed, with no significant differences between treated 
and untreated patients.
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INTRODUCTION

Air pollution is a leading environmental risk factor for mor-
bidity and mortality worldwide, with fine particulate matter (
〖PM〗_2.5) among the most harmful pollutants for cardio-cer-
ebrovascular health. The World Health Organization (WHO) 
estimates that air pollution contributes to millions of premature 
deaths annually, largely through cardiovascular diseases.

While Europe generally maintains lower average air 
pollution levels than other global regions, a substantial pro-
portion of its population remains exposed to concentrations 
exceeding WHO guidelines. This pattern is evident in the 
Lombardy region due to Po Valley meteorology and intense 
anthropogenic emissions. 

A large body of evidence has shown that short-term expo-
sure 〖PM〗_2.5  is associated with an increased risk of acute 
cardio-cerebrovascular events in the days following expo-
sure. Proposed mechanisms include systemic inflammation, 
oxidative stress, endothelial dysfunction, autonomic imbal-
ance, and pro-thrombotic pathways, which may trigger acute 
cardio-cerebrovascular events in susceptible individuals. 
However, traditional epidemiological designs have limited 
ability to capture exposure–lag–response dynamics, which 
require more flexible approaches. 

OBJECTIVES

To evaluate the association between short-term exposure 
〖PM〗_2.5 and the risk of incident acute cardio-cerebrovas-
cular events among residents of Lombardy.

METHODS 

This population-based study used administrative health-
care databases from Lombardy (~10 million inhabitants) 
and included residents aged ≥45 years with a first acute 
hospitalization for cardio-cerebrovascular event during 
2016–2023. Incident cases were identified using a 5-year 
washout period.

Short-term effects were assessed using a case-time series 
design combined with Distributed Lag Non-linear Models 
to characterize exposure–lag–response associations. A lag 
window of 5 days was considered in the main analysis, with 
sensitivity analyses at 3 or 7 days.

Single- and multi-pollutant models were implemented to 
estimate the independent effect of 〖PM〗_2.5, adjusting for 
〖NO〗_2 and O_3. Effect estimates were expressed per 10 
μg/m³ increase in PM₂.₅. Models were adjusted for day of 
the week and meteorological variables (mean temperature, 
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relative humidity, wind speed) using natural splines, plus a bi-
nary indicator for rainfall.

RESULTS 

During the study period, a total of 403,266 incident acute 
cardio-cerebrovascular events were recorded within a re-
gional source population of approximately 5 million residents 
aged ≥45 years. In the main analysis, 〖PM〗_2.5  was signif-
icantly associated with an increased risk of acute cardio-cer-
ebrovascular events.

In the single-pollutant model, a 10 μg/m³ increase in 
〖PM〗_2.5 was associated with a 3.2% increase in risk (95% 
CI: 2.0–4.4%). The lag structure showed a peak effect at lag 
0 (1.7%; 95% CI: 0.8–2.7%), declining to baseline by lag 3.

In multi-pollutant models, adjustment for O_3 slightly 
strengthened the association (4.0%; 95% CI: 2.8–5.2%), 
whereas adjustment for 〖NO〗_2 attenuated the effect (1.9%; 
95% CI: 0.8–3.1%), likely due to correlation between pollut-
ants sharing emission sources. All results were stable across 
lag windows.

CONCLUSIONS

Short-term exposure to 〖PM〗_2.5 was associated with an 
increased risk of acute cardio-cerebrovascular events, with 
effects concentrated mainly in the first days after exposure. 
These findings reinforce the evidence that air pollution acts as 
a trigger of cardio-cerebrovascular hospitalizations and high-
light the need for effective strategies to reduce population ex-
posure to fine particulate matter.
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INTRODUCTION

Herpes zoster (HZ) represents a significant public health 
burden and a frequent cause of hospital admission, especially 
among elderly and clinically vulnerable individuals. While the 
disease is generally self-limiting, concomitant comorbidities may 
contribute to worse clinical outcomes and increased healthcare 
resource use. Hospital length of stay (LOS) is an important meas-
ure of disease burden and healthcare utilization, yet the determi-
nants of prolonged hospitalization among patients with HZ have 
not been thoroughly investigated at the national level.

OBJECTIVES

To identify comorbidity-related risk factors for prolonged 
hospitalization among patients admitted with herpes zoster in 
Italy between 2011 and 2023.

METHODS

A retrospective population-based study was conduct-
ed using the Italian Hospital Discharge Records database. 
All hospitalizations associated with HZ between January 1, 
2011 and December 31, 2023 were included using ICD-9-
CM diagnostic codes. Clinical variables included chronic 
respiratory diseases, kidney diseases, diabetes mellitus, ma-
lignant neoplasms, and autoimmune diseases. Length of stay 
was analyzed as the main outcome and categorized as short 
versus prolonged hospitalization according to the overall 
mean LOS. Poisson regression models adjusted for age and 
sex were used to estimate the association between comorbid-
ities and prolonged hospitalization, expressed as incidence 
rate ratios (IRRs) and 95% confidence intervals (95% CIs). 

The number of hospitalizations with short and long LOS was 
included as an offset in the models. Data analysis was per-
formed using STATA/BE 18.0.

RESULTS

Between 2011 and 2023, 47,933 hospitalizations with 
HZ were recorded. Overall, 34.56% of patients experienced 
a prolonged hospital stay (16,564 hospitalizations). Comor-
bidities were identified in 27.71% of hospitalizations (13,280 
cases). The analysis revealed that HZ patients hospitalized 
with malignant neoplasms had a 1.46-times higher risk of 
prolonged length of stay than those without malignant neo-
plasms (IRR 1.46, 95% CI 1.40–1.53). The risk was also in-
creased among patients with kidney diseases (IRR 1.24, 95% 
CI 1.17–1.31) and COPD (IRR 1.11, 95% CI 1.09–1.27). Age 
was the strongest predictor of prolonged hospitalization, with 
patients aged ≥80 years with malignant neoplasms showing 
a 2.48-fold higher risk compared with the reference group 
(95% CI 2.23–2.77).

CONCLUSIONS

This nationwide real-world study highlights the substantial 
impact of selected comorbidities on hospitalization burden 
among patients with HZ. Malignant neoplasms, kidney dis-
eases, and COPD were independently associated with pro-
longed hospitalization, while advanced age emerged as the 
strongest predictor of extended length of stay. These findings 
underscore the importance of identifying high-risk patients 
and support targeted preventive strategies, including HZ vac-
cination, particularly among older adults and clinically vul-
nerable populations.
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INTRODUCTION

Parkinson’s disease (PD) diagnosis remains mainly clinical 
and may be challenging in early disease stages. Previous ob-
servations suggest that patients with PD may have a distinctive 
skin odour, possibly related to volatile organic compounds 
present in sebum. A preliminary step is therefore to assess 
whether trained dogs can learn to recognize PD-associated 
sebum samples under controlled training conditions.

OBJECTIVES

To pilot canine olfactory learning during the preliminary 
PrOCRI training phase, assessing recognition of sebum sam-
ples from patients with PD versus healthy controls and chang-
es in performance across increasing training complexity.

METHODS

We analysed 4,364 training trials performed by three dogs, 
including positive-target and blank trials. The primary outcome 
was a correct response, defined as correct identification of a 
positive sample or correct rejection of a blank trial. Overall ac-
curacy was decomposed into sensitivity and specificity.

The training pathway was progressive: the first two kits 
represented imprinting/familiarization, subsequent kits a 
softer learning phase, and from the 13th kit onward a high-
er-complexity phase aimed at approximating more realistic 
recognition conditions through greater sample mixing and 
task difficulty.

Multivariable logistic regression models included dog 
identity, training phase, target identity, and dog-by-phase 
interaction. Generalized additive models with binomial link 
were used to describe non-linear learning trajectories over 
training days. The model was trained using data up to the 
21st kit and then used to forecast performance on the last two 
kits, corresponding to kits 22–23. These were considered an 
internal holdout phase. Uncertainty was assessed using sim-
ulation-based prediction intervals and bootstrap resampling.

RESULTS

The transition to the higher-complexity training phase, 
starting from the 13th kit, was associated with reduced odds 
of a correct response for Dylan, the reference dog (OR=0.63; 
95% CI 0.50–0.80; p<0.001), reflecting increased task dif-
ficulty. Performance changes differed across dogs. The dog-
by-phase interaction was not significant for Kappa, whereas 
Olivia showed a significant positive interaction (OR=1.86; 
95% CI 1.35–2.57; p<0.001), suggesting preserved or im-
proved performance despite increased training complexity. 
Olivia’s model-based accuracy increased from approximate-
ly 0.65 in the early phase to approximately 0.78 in the high-
er-complexity phase. GAMs confirmed dog-specific learning 
trajectories, with higher odds of correct detection for Olivia 
(OR=1.73; p=0.006). In the internal holdout phase, observed 
performance exceeded predictions for Dylan in both trial 
types, Olivia in positive trials, and Kappa in both trial types 
(Δ range: 0.101–0.262; p≤0.040), suggesting that increased 
training complexity did not produce a measurable perfor-
mance decline.
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CONCLUSIONS

This pilot analysis suggests that canine olfactory recogni-
tion of PD-associated sebum samples is feasible within a struc-
tured and progressively complex training setting. However, 
these findings should be interpreted as evidence of learning 
and preliminary recognition ability, not as clinical diagnos-
tic validation. Further studies using independent, previously 
unseen samples from new patients and controls are required 
before any diagnostic application can be considered.
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INTRODUCTION

Intensive Care Unit (ICU) readmissions increase morbidi-
ty, mortality, and healthcare costs. Existing deep learning (DL) 
models for predicting 30-day ICU readmission show limited 
clinical utility due to poor calibration and overconfident pre-
dictions that can mislead clinicians. While combining multiple 
predictive models to improve overall performance is a well-es-
tablished and often effective strategy, the most widely used 
ensemble approaches overlook model uncertainty, which 
can still lead to overconfident decision-making. In contrast, 
Ensemble Bayesian Model Averaging (EBMA) provides a 
robust framework for incorporating model uncertainty. While 
EBMA rewards discriminative power, it also penalizes models 
that provide overconfident yet inaccurate predictions, result-
ing in more reliable and clinically meaningful risk estimates.

OBJECTIVES

To develop an EBMA-based framework to integrate pre-
dictions of 30-day ICU readmission from multiple DL, machine 
learning (ML), and traditional scoring models. 

METHODS

We analyzed first ICU admissions for adult patients (≥18 
years) from the MIMIC-III database (n=32,784 stays). We 
randomly split the data into training (80%), calibration (13%), 
and test (7%) sets. Drawing from our own and other systematic 
reviews, we adapted 17 DL models — including RNN-based 
architectures, CNN-LSTM combinations, and a transform-
er-based model — and 6 ML models (two logistic regression 

models, Naïve Bayes, random forest, support vector machine, 
and XGBoost), training all models on the same training set. Their 
predictions, together with the traditional SWIFT and APACHE-II 
scores, served as input for our EBMA-based framework. Model 
weights were then estimated on the calibration set. We assessed 
the calibration and discrimination of the obtained ensemble on 
the test set using the Brier Score and AUROC, respectively. We 
shared the code supporting this study at https://github.com/
ekoumantakis/ebma-icu-readmission. 

RESULTS

Our EBMA-based framework achieved a Brier Score of 
0.051 and an AUROC of 0.728, outperforming all individual 
models in calibration while matching or exceeding their dis-
crimination performance. These results remained robust after 
excluding lower-weighted models and, notably, even after re-
moving the highest-weighted and best-calibrated model. Com-
pared with individual models, similarly well-calibrated models 
(i.e., with similar Brier Scores) achieved AUROC values of at 
most 0.683, indicating inferior discrimination. In contrast, the 
most discriminative model (AUROC = 0.716) exhibited poor 
calibration (Brier Score 0.148). While our EBMA-based frame-
work achieved only a marginal improvement in AUROC over 
this model (+1.7%), it substantially improved calibration, yield-
ing more reliable and clinically valuable predictions.

CONCLUSIONS

Well-calibrated predictions are more valuable for clin-
ical decision-making than high discrimination alone. Our 
EBMA-based framework reliably integrates multiple models, 
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delivering superior calibration while maintaining a discrimina-
tion comparable to the best-performing individual model. Our 
framework shifts away from the “winner-takes-all” paradigm 
of standalone models toward a more robust, ensemble-based 
strategy. Future work should focus on external validation and 
on boosting model diversity to further improve discriminative 
performance.
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INTRODUCTION

Evaluating therapeutic efficacy in heart failure with re-
duced ejection fraction (HFrEF) is often challenging because 
improvements in the primary outcome, such as left ventricu-
lar ejection fraction (LVEF), may be influenced by complex 
mechanistic pathways. A methodological issue in HFrEF tri-
als arises when congestion acts as an exposure-induced 
intermediate confounder of the relationship between rescue 
therapy, a post-randomization intercurrent event, and the pri-
mary outcome. Separating the true treatment effect from the 
impact of clinical rescue is therefore essential to understand 
the therapy’s underlying mechanistic pathways. This objective 
is closely aligned with the ICH E9(R1) addendum, which em-
phasizes the need to translate clinical questions into clearly 
defined causal estimands in order to appropriately address 
intercurrent events. Moreover, since congestion is not directly 
observed as a single variable, it may be conceptualized as a 
latent variable measured via correlated indicators subject to 
measurement error.

OBJECTIVES

The primary objective of this study is to evaluate the per-
formance of Structural Equation Modeling (SEM) in estimating 
the Controlled Direct Effect (CDE) in the presence of latent in-

termediate confounding and measurement error. We identify 
the Marginal Structural Model (MSM) as a standard causal 
inference benchmark utilizing Inverse Probability Weighting 
(IPW) to compare its performance against the SEM in terms 
of bias, efficiency, and statistical power. 

METHODS

We employed a simulation study to assess estimator per-
formance across a range of sample sizes (n = 100 to 1000) 
and target CDE scenarios. The data-generating mechanism 
was designed to either satisfy or violate the Positivity As-
sumption. The CDE was defined as the effect of heart failure 
therapy on LVEF not operating through rescue therapy (M): 
CDEM = E[Y1,m] − E[Y0,m], where M is fixed to the same val-
ue under both treatment levels. The comparative framework 
contrasted SEM, which explicitly incorporates latent variables 
and measurement error for indicators of congestion, against 
MSM. Performance metrics included Mean Bias, RMSE, Sta-
tistical Power, and Type I Error Rate. 

RESULTS

Analysis of estimator bias revealed that SEM demon-
strated superior performance, maintaining significantly lower 
mean bias than MSM weighting approaches, as the strength 
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of the intermediate confounding effect increased. In terms of 
statistical power, SEM showed increasing performance as 
the sample size increased, reaching the target 80% power 
threshold and properly identifying the CDE across all simulat-
ed effect sizes. SEM successfully avoided practical positivity 
violations observed in MSM. While MSM struggled with the 
high dimensionality of the intermediate confounders, SEM 
employed latent-variable dimension reduction to maintain 
estimation stability.

CONCLUSIONS

SEM provides a robust and flexible unified framework 
for estimating clinically meaningful causal effects in complex 
HFrEF trials. Our findings suggest that, when combined with 
a well-specified causal graph and explicit identification as-
sumptions, SEM is a powerful tool for pre-specified causal es-
timands rather than merely an exploratory path-analysis tool. 
SEM is highly effective for addressing intercurrent events, such 
as rescue therapy, in compliance with ICH E9(R1) guidelines. 
Treatment–mediator interaction will be addressed in future 
studies.
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the integration of comorbidities and concomitant medications 
may support more individualized patient monitoring. 

METHODS

This is a prospective, non-interventional observation-
al pilot study. Eligible patients will be adults with advanced 
breast cancer receiving systemic therapy in routine clinical 
practice. Patients will be monitored through Cureety TechCare 
for ePROs, QoL, symptoms, and lifestyle-related information. 
Cureety TechCare is an AI-driven digital remote monitoring 
platform specifically designed for oncology patients, ena-
bling remote PRO collection through CTCAE-based question-
naires and four-level clinical classification. In parallel, a DDI 
module will be used to document concomitant medications 
and identify potential pharmacological interaction risks in the 
context of each patient’s clinical history, comorbidities, and 
reported symptoms. The primary endpoint will be Composite 
Platform Compliance, defined as the proportion of patients 
achieving both at least 70% of expected ePRO questionnaire 
completion and at least 85% completeness of DDI screening 
for documented concomitant medications after the first month. 

RESULTS

As this is a protocol, results are not yet available The study 
will estimate the feasibility of the integrated workflow and 
describe early monitoring outputs during the first 30 days of 
treatment, including first-month tolerance as an exploratory 

INTRODUCTION

In advanced breast cancer, treatment pathways are be-
coming increasingly prolonged and complex across different 
biological subtypes. New systemic and targeted therapies 
require long-term monitoring and careful personalization ac-
cording to patient-specific factors that demand increasingly 
individualized therapeutic pathways, such as comorbidities, 
lifestyle factors, quality of life (QoL), and polypharmacy risks 
like drug-drug interactions (DDIs). Current real-world path-
ways often suffer from delays in personalization, suboptimal 
adherence, and unmet needs in QoL. Remote monitoring plat-
forms like Cureety TechCare may help clinicians to transform 
reactive care into proactive management. The integration of 
patient-reported data with DDI screening may further support 
personalized monitoring in patients receiving long-term sys-
temic treatments.

OBJECTIVES

This pilot study proposes a digital workflow framework 
to optimize diagnostic-therapeutic paths: Cureety for QoL/
lifestyle monitoring and DDI integration for comorbidity-ad-
justed alerts. The primary objective is to assess the feasibility 
of the procedure by measuring patient compliance with ePRO 
questionnaires and completeness of DDI screening during the 
first month of monitoring. Secondary objectives include de-
scribing early patient-reported needs, monitoring QoL and 
lifestyle-related information over time, and exploring whether 
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integrated digital health status indicator. Patients will be clas-
sified as “Good Health Status” (GHS) or “Poor Health Status” 
(PHS) based on the proportion of days with green/yellow 
Cureety status and low-risk DDI profile versus orange/red 
Cureety status and/or higher-risk DDI profile. 

DISCUSSION

This protocol addresses a key methodological challenge 
in integrating patient-reported data with pharmacological risk 
assessment in real-world oncology care. Its methodological 
relevance lies in the definition of composite feasibility end-
points, the management of longitudinal patient-reported data, 
and the interpretation of digital alerts generated by the com-
bination of PROMs and pharmacological risk information. 

CONCLUSIONS

This pilot protocol may generate preliminary evidence on 
the feasibility of AI-supported integration of PROMs and DDI 
screening in advanced breast cancer care. The study may 
inform the design of future larger studies evaluating the im-
plementation of patient-centered digital monitoring models in 
routine oncology practice. 
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INTRODUCTION

Observational studies in regenerative medicine represent 
a promising frontier for the discovery of predictive biomarkers 
of therapeutic response, yet are structurally constrained by 
small sample sizes. This low-sample-size regime exposes var-
iable selection methods to a high risk of overfitting and false 
discovery, with direct consequences for the reproducibility 
of findings. Although frequentist penalised approaches such 
as LASSO are widely adopted in this setting, their properties 
under small-sample conditions have not been systematically 
characterized relative to Bayesian shrinkage alternatives.

OBJECTIVES

To evaluate and compare the performance of frequen-
tist and Bayesian variable selection methods across a range 
of sample sizes, with the aim of identifying which approach 
achieves the most robust trade-off between statistical power 
(TPR) and false discovery control (FDR) in small-sample trans-
lational research settings.

METHODS

A Monte Carlo simulation study was conducted (2,000 
replicates per sample size level) grounded in empirical pa-

rameters derived from a published clinical case study involving 
patients with Grade I Knee Osteoarthritis treated with Autol-
ogous Protein Concentrate (APC), classified as responders or 
non-responders based on NPRS variation. Five true signal var-
iables (NPRS, IL-9, MIP-1β, RANTES, VEGF) and four noise 
variables were simulated across nine sample size levels (n = 
20–100 per group). Seven methods were compared: stand-
ard logistic regression (GLM), LASSO with lambda.1se criteri-
on, and five Bayesian approaches (Bayesian Ridge, Bayesian 
Lasso, Horseshoe, Horseshoe+, Spike-and-Slab). Performance 
metrics included TPR, FDR, Matthews Correlation Coefficient 
(MCC), Jaccard Index, and Exact Recovery rate.

RESULTS

Bayesian Ridge demonstrated the most favourable and 
stable TPR/FDR trade-off across the full sample size range, 
maintaining FDR < 0.025 at all levels, systematically lower 
than LASSO (FDR 0.04–0.07) and GLM (FDR 0.03–0.06), 
while achieving TPR comparable to frequentist methods at n ≥ 
60. MCC converged between Bayesian Ridge and LASSO at 
n ≥ 70; however, LASSO exhibited an anomalous FDR peak 
at n = 50–60, indicative of unstable signal-noise discrimina-
tion at the critical power threshold. Per-variable analysis con-
firmed a detectability hierarchy: NPRS, RANTES, and VEGF 
reached selection frequencies > 0.90 at n = 60 under Bayesi-
an Ridge, whereas IL-9 and MIP-1β required larger samples.
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CONCLUSIONS

In small-sample translational research, Bayesian Ridge 
regression offers a methodologically superior alternative to 
frequentist penalised approaches, combining adequate statis-
tical power with robust false discovery control. Findings indi-
cate a minimum sample size of n = 40–50 per group for reli-
able variable selection regardless of the method adopted and 
support the pre-specification of Bayesian shrinkage models in 
biomarker discovery studies in regenerative medicine.
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INTRODUCTION

Acute respiratory distress syndrome (ARDS) and acute 
respiratory failure exhibit profound heterogeneity in clinical 
presentation, lung mechanics, and individual response to in-
tensive care treatments. Traditional fixed-design randomized 
trials are poorly tailored to evaluate the efficacy of dynamic, 
multistage therapeutic strategies, failing to account for both 
the sequential nature of clinical decision-making and the un-
derlying biological heterogeneity of patients.

OBJECTIVES

To introduce SMART-Vent, an innovative design that em-
beds a Sequential Multiple Assignment Randomized Trial 
(SMART) within a Bayesian adaptive platform. The objective 
is to optimize phenotype-driven mechanical ventilation se-
quences in the intensive care unit, addressing the heteroge-
neity of treatment effects in an efficient and ethically sound 
manner.

METHODS

A Monte Carlo simulation engine was developed to eval-
uate the operating characteristics of the SMART-Vent design 
across complex clinical scenarios with total sample sizes 

ranging from N=200 to N=1500. Simulated patients were 
stratified into two primary clinical phenotypes (ARDS and 
non-ARDS) and assigned to a two-stage ventilatory pathway 
(first-line therapies, and rescue strategies for non-responders). 
The statistical framework relied on Bayesian hierarchical mod-
els estimated via MCMC algorithms. The design incorporated 
Response-Adaptive Randomization (RAR) to dynamically up-
date allocation weights and a decision rule driven by a 95% 
Highest Density Interval (HDI). Performance metrics were 
benchmarked directly against a standard, multiplicity-adjust-
ed frequentist design.

RESULTS

Simulations demonstrated that SMART-Vent significantly 
outperforms frequentist benchmarks in identifying optimal dy-
namic treatment regimes. Utilizing the 95% HDI decision rule 
successfully circumvented the severe sample-size inflation 
imposed by classical $\alpha$-error corrections, achieving 
target statistical power with smaller sample cohorts. Despite 
sequential  interim analyses and adaptive allocation, the 
Bayesian False  Discovery  Rate  (FDR) remained inherent-
ly self-calibrated and strictly bound around the nominal 5% 
threshold across all strata. From an ethical perspective, the 
RAR algorithm optimized patient care, progressively allocat-
ing up to 80% of responsive subjects to the truly superior ven-
tilatory strategy. Sensitivity analyses confirmed that incorpo-
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rating informative prior distributions accelerated early signal 
detection in initially underpowered subgroups (e.g., ARDS 
non-responders) without compromising the data-driven as-
ymptotic integrity of the model.

CONCLUSIONS

By seamlessly merging SMART methodology with a 
Bayesian adaptive platform, the SMART-Vent design maxi-
mizes statistical efficiency, maintains rigorous control over 
false-positive rates, and dynamically minimizes patient ex-
posure to sub-optimal ventilatory pathways. This framework 
provides a methodologically robust and ethically grounded 
solution for conducting future precision medicine trials and 
Complex Innovative Designs (CID) in critical care.
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INTRODUCTION

Children with chronic inflammatory airway disease often 
present with similar signs and symptoms despite markedly dif-
ferent underlying biology. Nasal cytokine profiling routinely 
reveals five endotypes: eosinophilic, IL-5–high, IL-13–high, 
mixed, and pauci-inflammatory, each associated with differ-
ential response to targeted therapies with biologics. In trials 
with small sample sizes and challenging long-term spiromet-
ric follow-up, early change in small-airway resistance (ΔR5–
R20 at 14 days) is a common surrogate outcome. Traditional 
parallel-group RCTs struggle to capture this heterogeneity. To 
address this, we developed a Bayesian basket-and-umbrella 
trial framework tailored to the pediatric context and evaluat-
ed its performance through an extensive simulation study.

OBJECTIVES

To develop and evaluate Bayesian basket and umbrella 
clinical trial designs for pediatric chronic inflammatory air-
way disease, assessing their ability to improve the efficiency, 
precision, and reliability of treatment-effect estimation across 
cytokine-defined endotypes under realistic pediatric trial con-
ditions.

METHODS

Two designs were constructed around the same motivat-

ing example. In the basket configuration, one biologic agent 
was tested across the five cytokine-defined endotypes. In the 
umbrella configuration, three mechanism-specific agents, an-
ti-IL-5, anti-IL-13, and dual-pathway modulation, were com-
pared within a shared clinical population, with treatment as-
signment informed by cytokine signatures at enrollment.

Hierarchical Bayesian models were used to estimate sub-
group-specific treatment effects, allowing structured informa-
tion borrowing across biologically related endotypes. Hyper-
parameters were elicited from pediatric pulmonology experts 
to reflect realistic variability, and weakly informative priors 
ensured interpretability. Posterior probabilities guided interim 
rules for early stopping (superiority/futility), adaptive rand-
omization, and dynamic modification of subgroup enrollment.

A simulation study of 10,000 trials per scenario incor-
porated constraints typical of pediatric research: unequal 
subgroup prevalence, rare strata (<5%), biomarker misclas-
sification, early dropout due to symptom flares, and hetero-
geneous effect sizes. Operating characteristics included pos-
terior power, false-positive/false-negative rates, precision of 
subgroup effect estimation, probability of correct endotype 
identification, expected sample size, and time to decision.

RESULTS

Across most clinically plausible scenarios, Bayesian bas-
ket and umbrella designs outperformed classical RCTs. Preci-
sion in treatment-effect estimation improved by 20–50% in 
rare endotypes, and adaptive randomization reduced ex-

ISSN 2282-0930 • Epidemiology Biostatistics and Public Health - SISMEC Congress 2026 - Vol. 21 Suppl. 1

© 2026 Mohd Rashid Khan. et al..

Biostatistical Methods

Targeting What Matters in Pediatric Trials: Bayesian 
Basket and Umbrella Trials for Heterogeneous 
Airway Disease

Mohd Rashid Khan(1), Angelo Capaso(2), Mariateresa Russo(2), Domenico Iervolino(1), Pasquale Dolce(2), 
Danila Azzolina(1,2)

 Mohd Rashid Khan 0000-0001-8855-3272

(1) Unit of Biostatistics, Epidemiology and Public Health, Department of Cardiac, Thoracic and Vascular Sciences, University of Padova, 
35131, Padova, Italy
(2) Biostatistics and Clinical Trial Biometry, Clinical Research Center DEMeTra, Department of Translational Medicine, University of Naples 
Federico II, 80138, Naples, Italy

CORRESPONDING AUTHOR: Mohd Rashid Khan, Unit of Biostatistics, Epidemiology and Public Health, Department of Cardiac, Thoracic 
and Vascular Sciences, University of Padova, 35131, Padova, Italy. Email: mohdrashid.khan@ubep.unipd.it 

DOI: 10.54103/2282-0930/32072

https://orcid.org/0000-0001-8855-3272
https://doi.org/10.54103/2282-0930/32072


124

ISSN 2282-0930 • Epidemiology Biostatistics and Public Health - SISMEC Congress 2026 - Vol. 21. Suppl. 1

DOI: 10.54103/2282-0930/32072

Biostatistical Methods

pected sample size by 15–30% while maintaining strict con-
trol of false discoveries. Posterior decision rules enabled earli-
er identification of beneficial therapies without compromising 
robustness. When substantial biomarker misclassification was 
introduced, hierarchical models automatically reduced inap-
propriate borrowing across endotypes, preventing mislead-
ing shrinkage and preserving inferential reliability. Clinically, 
the Bayesian designs provided sharper, endotype-specific 
therapeutic signals than achievable with parallel-group trials 
of comparable size.

CONCLUSIONS

Starting with a realistic pediatric airway disease example, 
this simulation study shows that Bayesian basket and umbrella 
trials offer a flexible, efficient, and biologically aligned ap-
proach for evaluating targeted therapies in children. By inte-
grating mechanistic knowledge, hierarchical modeling, and 
adaptive decision rules, these designs address key limitations 
of conventional RCTs, small samples, heterogeneity, and op-
erational constraints, while delivering clinically interpretable 
subgroup insights. Their use may substantially accelerate 
treatment development in pediatric settings where traditional 
designs are underpowered or insufficiently granular.
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INTRODUCTION

Cardiac arrest is the loss of mechanical cardiac function 
and systemic circulation; when it occurs outside hospital set-
tings, it is defined as out-of-hospital cardiac arrest (OHCA). 
OHCA is influenced by both individual and contextual factors, 
including population structure, socioeconomic disadvantage, 
and access to emergency care. Geographic approaches of-
fer a framework to investigate spatial inequalities and support 
place‑based decision making.

OBJECTIVES

This study assesses spatial inequalities in OHCA incidence 
in relation to demographic (ageing index, population density) 
and socioeconomic (low income) determinants in Lombardy 
between 2021 and 2024.

METHODS

A municipal‑level retrospective ecological study was 
conducted in Lombardy (2021–2024). The outcome was an 
OHCA event. Data were obtained from the Lombardia Cardi-
ac Arrest Registry (CARe), covering 924 municipalities across 
seven provinces. The eligible population included residents of 
municipalities in the CARe registry (cumulative at‑risk popula-
tion: 17,612,296 inhabitants). Due to incomplete registry cov-

erage in 296 municipalities, analyses focused on 628 munic-
ipalities forming the South‑East (SE) macro‑area (Pavia, Lodi, 
Cremona, Mantua, Brescia). Determinants included: propor-
tion of taxpayers with annual income <€10,000 (proxy for 
socioeconomic vulnerability), ageing index (proxy for demo-
graphic imbalance), and population density (proxy for ru-
rality/urbanization). Contextual covariates were: bystander 
cardiopulmonary (CPR) rate (proxy for community response) 
and EMS response time (minutes from emergency call to first 
vehicle arrival, proxy for geographic isolation).The analytical 
strategy combined global and local spatial autocorrelation 
(Global Moran’s I; Local Indicators of Spatial Association, 
LISA), hotspot analysis (Getis‑Ord Gi*), and geographically 
weighted regression (GWR) to identify clustering patterns and 
spatially varying associations between OHCA and determi-
nants, adjusting for covariates.

RESULTS

The cumulative OHCA incidence was 126 per 100,000 
inhabitants. OHCA incidence was not randomly distributed, 
but showed significant spatial heterogeneity. Global Moran’s 
I confirmed clustering (I = 0.27; p < 0.001). Municipalities 
characterized by high- and low-incidence aggregation pat-
terns were identified (Getis-Ord Gi* z-scores > |1.96|): a 
hot-spot cluster located in the south-western hilly area of the 
region and a cold-spot cluster in the south-eastern flat area. 
GWR showed that the strength and direction of associations 
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varied across the region, highlighting spatial non-stationari-
ty in the relationship between OHCA incidence and the ar-
ea-level determinants, independently of community response, 
response time, and geographic isolation. Specifically, in-
creasing the ageing index and the proportion of low-income 
individuals significantly increased OHCA incidence, whereas 
population density was inversely correlated with OHCA in-
cidence.

CONCLUSIONS

OHCA incidence hot spots were concentrated in moun-
tainous and hilly areas, especially in remote areas distant 
from hospitals. Indicators of social inequality showed spatially 
heterogeneous associations with OHCA, confirming that ter-
ritorial disparities extend beyond demographic composition 
alone. Considering both structural determinants and contex-
tual covariates improved interpretation of spatial patterns and 
highlighted the contribution of place‑based factors to OHCA 
burden. The integration of geographic data with health in-
formation represents a robust methodological approach for 
studying spatial inequalities in healthcare. Cardiac arrest find-
ings may be translated into public health impact and guide 
equity-oriented planning by identifying priority areas and 
informing geographically targeted interventions.
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INTRODUCTION

Clinical trials in pediatric intensive care increasingly rely 
on complex endpoints, such as duration of mechanical ven-
tilation or ventilation-free days, which are bounded, highly 
skewed, and characterized by a large proportion of structural 
zeros. Conventional statistical approaches frequently assume 
normality or simplify these outcomes through dichotomization, 
resulting in substantial information loss and potentially mask-
ing clinically meaningful treatment effects. This work illustrates 
a Bayesian framework for modeling complex respiratory out-
comes using data from a randomized noninferiority trial com-
paring high-flow nasal cannula (HFNC) and non-invasive 
ventilation (NIV) in 252 infants hospitalized with bronchiolitis.

OBJECTIVES

To evaluate Bayesian models tailored to semi-continu-
ous, zero-inflated, and bounded respiratory outcomes and 
compare their predictive performance with conventional ap-
proaches.

METHODS

Rather than reducing the outcome to binary endpoints 
such as intubation, we modeled the complete distribution of 
mechanical ventilation duration using Bayesian models spe-
cifically designed for the underlying data structure, including 
Hurdle, Zero-One Inflated Beta (ZOIB), Bayesian linear, and 
cumulative logistic regression models. These approaches ac-

commodate excess zeros, skewness, bounded outcomes, and 
ordinal representations while naturally incorporating uncer-
tainty through posterior probability distributions. Predictive 
performance was evaluated using Leave-One-Out crossval-
idation.

RESULTS

Advanced Bayesian models provided substantially better 
characterization of the observed outcome distribution than 
conventional Gaussian models. The ZOIB model demonstrat-
ed the best predictive performance, accurately representing 
both the probability of requiring invasive ventilation and the 
distribution of ventilation duration among treated patients. 
Hurdle and cumulative logistic models similarly captured 
clinically relevant aspects of the outcome while preserving in-
terpretability. Across all Bayesian analyses, HFNC remained 
noninferior to NIV regarding intubation risk, with a lower ex-
pected duration of mechanical ventilation and high posterior 
probability of noninferiority.

CONCLUSIONS

The choice of statistical model should be driven by the 
biological and clinical characteristics of the endpoint rath-
er than analytical convenience. Bayesian models tailored 
to semi-continuous, zero-inflated, and bounded outcomes 
provide richer clinical interpretation, avoid the loss of infor-
mation associated with dichotomization, and support prob-
ability-based decision making. This framework is broadly 
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applicable to pediatric critical care and other clinical trials 
involving complex composite or duration-based outcomes, 
offering a principled approach for improving treatment effect 
estimation and clinical inference.
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INTRODUCTION

Recent advances in genomics, neuroimaging, and other 
technological methods for biomedical data acquisition have 
led to a significant increase in the complexity and volume of 
information available in medical research. In this context, ma-
chine learning and deep learning approaches are increasing-
ly used; however, their application in clinical and biomedical 
settings is often limited by the presence of many variables and 
relatively small sample sizes. This condition may lead to unsta-
ble estimates, reduced model performance, and an increased 
risk of overfitting. For this reason, data augmentation tech-
niques may represent a useful strategy to artificially increase 
dataset size and evaluate whether synthetic data expansion 
can improve predictive model performance.

OBJECTIVES

The aim of this study was to compare three data augmen-
tation techniques (RandomOverSampler with shrinkage, Jit-
tering, and SMOTE) to improve performance of a Machine 
Learning model in muscle disease classification.

METHODS

We used bioelectrical impedance analysis (BIA) parame-
ters and muscle thickness data measured by ultrasound collect-
ed in the M-Brain project (PNRR-MCNT1-2023-12378447). 
The original dataset included 50 subjects (20 diagnosed with 
sarcopenia according to EWGSOP2 criteria, and 30 without) 
and 17 variables (nine for BIA and eight for ultrasound). At 
the beginning, we used the real dataset to identify the most 

effective classifier among five supervised classification algo-
rithms (Logistic Regression with L2 regularization, K-Nearest 
Neighbors, Support Vector Machine with a radial basis func-
tion kernel, Linear Discriminant Analysis, and Random Forest). 
For each augmentation technique, we performed a classifica-
tion using the KNN (the best classifier) previously trained on 
real data, on the augmented dataset. We retained only the 
synthetic samples that were correctly classified or had a prob-
ability of being a true positive equal to 1.0, and rejected the 
rest. Model validation was performed using Leave-One-Out 
Cross-Validation. Performance was assessed using confusion 
matrix, ROC-AUC, balanced accuracy, recall, precision, and 
F1-score. This procedure was also performed on subsets that 
included either ultrasound or BIA variables.

RESULTS

The KNN model without data augmentation achieved a 
ROC-AUC of 0.640, balanced accuracy of 0.650, recall of 
0.600, precision of 0.571, and F1-score of 0.585. The ap-
plication of filtered data augmentation improved model per-
formance. RandomOverSampler with shrinkage achieved 
a ROC-AUC of 0.817, balanced accuracy of 0.758, recall 
of 0.741, precision of 0.690, and F1-score of 0.714. Jitter-
ing achieved a ROC-AUC of 0.826, balanced accuracy of 
0.770, recall of 0.815, precision of 0.667, and F1-score of 
0.733. SMOTE achieved a ROC-AUC of 0.830, balanced 
accuracy of 0.764, recall of 0.778, precision of 0.677, and 
F1-score of 0.724. Additional analyses performed on subsets 
that included either ultrasound or BIA variables confirmed an 
overall improvement in performance metrics compared with 
the original data.
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CONCLUSIONS

All the data augmentation techniques considered im-
proved classification performance compared with the analysis 
performed without augmentation. However, Jittering showed 
slightly better overall performance. These findings suggest 
that data augmentation is a suitable strategy for improving 
classification performance with this type of data, though it 
must be handled carefully.
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ates synthetic samples through small random perturbations of 
the training data. To preserve the underlying data structure, 
synthetic instances were generated using the learned weights 
of each classifier. Any new instance was added to the dataset 
according to a given threshold. The five algorithms were then 
re-evaluated to assess the impact of data augmentation on 
classification performance. Model validation was performed 
using Leave-One-Out Cross-Validation, and performance by 
balanced accuracy, recall, precision, and F1-score measures. 

RESULTS

In the real-data analysis, KNN showed the best overall 
performance, achieving a balanced accuracy of 0.650, re-
call of 0.600, precision of 0.571, and F1-score of 0.585. All 
classifiers performance improved after data augmentation, 
although gains were not consistent across all models and 
settings. The KNN + SVM pipeline performed best, i.e. the 
feature weights derived from KNN guided the selection of the 
most suitable synthetic instances generated through jittering, 
when we used a conservative threshold (1.0–0.7). The five 
classifiers were then trained and evaluated on the augment-
ed dataset, and SVM achieved the best performance, reach-
ing a balanced accuracy of 0.795, recall of 0.741, precision 
of 0.769, and F1-score of 0.755. Surprisingly, the LR-L2 + 
KNN pipeline achieved the highest classification metrics at 
the lower threshold (0.6–0.5), reaching a balanced accuracy 
of 0.807, recall of 0.815, precision of 0.733, and F1-score of 
0.772 at a threshold of 0.5. 

INTRODUCTION

One of the M-Brain project’s aims is to identify biomarkers 
that can distinguish between healthy and pathological age-
ing. The choice of classifier can have a significant impact on 
predictive performance due to the challenges posed by limit-
ed sample size, class imbalance and heterogeneous features. 
Using data augmentation techniques can improve the perfor-
mance of different machine learning algorithms.

OBJECTIVES

Compare different supervised classification models to as-
sess whether the best-performing classifier on real data re-
mained the most effective after data augmentation.

METHODS

We used bioelectrical impedance analysis (BIA) param-
eters and muscle thickness data measured by ultrasound col-
lected. The original dataset included 50 subjects (20 diag-
nosed with sarcopenia according to EWGSOP2 criteria, and 
30 without) and 17 variables (nine for BIA and eight for ultra-
sound). We trained five supervised classification algorithms—
Logistic Regression with L2 regularization (LR-L2), K-Nearest 
Neighbors (KNN), Support Vector Machine (SVM) with a 
radial basis function kernel, Linear Discriminant Analysis, and 
Random Forest—on the original dataset. The dataset was sub-
sequently augmented using jittering, a technique that gener-
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CONCLUSIONS

The results suggest that the classifier that performs best on 
the original dataset may not remain the best after data aug-
mentation. KNN achieved the highest performance on the 
original data, whereas SVM outperformed all other classifiers 
after synthetic data generation. However, when the threshold 
for generating synthetic instances was relaxed, KNN once 
again became the top-performing classifier. These findings un-
derscore the importance of reevaluating classification models 
after data augmentation rather than assuming that the model 
selected on the original dataset will continue to perform best. 
They also highlight the importance of balancing class distribu-
tions and verifying that the statistical properties of the original 
variables are preserved following data augmentation. 
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INTRODUCTION

Infectious disease spread is commonly modelled using 
stochastic compartmental models. However, often model pa-
rameters cannot be fully identified from a single data source. 
Therefore, reliable inference requires the integration of multiple 
epidemiological datasets, each providing partial and comple-
mentary information. The joint analysis of heterogeneous and 
interdependent data sources, combined with the complexity of 
realistic compartmental models, typically leads to an analyti-
cally intractable likelihood function, making standard Bayesian 
inference infeasible. We therefore resort to likelihood-free meth-
ods, specifically Approximate Bayesian Computation (ABC).

OBJECTIVES

We study SARS-CoV-2 transmission dynamics in Italy dur-
ing May–October 2022, when the vaccination campaign was 
in its final phase and vaccination coverage in the population 
was stable. The aim is to estimate the basic reproduction num-
ber stratified by vaccination status, exploiting two complemen-
tary data sources: daily COVID-19 deaths from the Protezione 
Civile (PC) and COVID-19 mortality records stratified by vac-
cination status from the Istituto Superiore di Sanità (ISS). To this 
end, we develop a (SIRD)² compartmental model and an ABC 
algorithm that jointly assimilates both data sources. 

METHODS

The (SIRD)² compartmental model partitions the Italian 
population into vaccinated and unvaccinated sub-popu-

lations with distinct transition rates. Specifically, infection 
transmission is governed by different reproduction numbers, 
depending on the vaccination status of the person who is in-
fected. The estimation methodology relies on an ABC algo-
rithm based on a Double Nested Simulator (DNS). The DNS 
employs a macro-simulator to generate the whole latent 
data-generating process, i.e. the trajectories of all model 
compartments, including the daily time series of COVID-19 
deaths, and a second simulator that, using the output of the 
macro-simulator, produces the number of COVID-19 deaths 
occurring in different time windows, stratified by vaccination 
status. While the macro-simulator mimics daily data made 
available by PC, the second simulator mimics contingency 
tables reported in periodic reports issued by ISS. The ABC 
algorithm returns samples from an approximate posterior 
distribution of model parameters conditioned on both data 
sources simultaneously.

RESULTS

Pooling the PC and ISS sources within the DNS-ABC 
framework substantially improves parameter identifiability 
relative to single-source analyses, reducing posterior uncer-
tainty on the vaccination-status-specific reproduction num-
bers. The stratified (SIRD)² model successfully disentangles 
the transmission dynamics of vaccinated and unvaccinated 
individuals over the study period. To ensure parameter iden-
tifiability, we fix mortality and recovery rates and estimate 
R_(0,V) and R_(0,N), the basic reproduction numbers among 
susceptible vaccinated and unvaccinated individuals, respec-
tively. The posterior mean of R_(0,V) is 2.567 (95% credible 
interval: 2.358–2.778), whereas of R_(0,N) is 1.213 (95% 
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credible interval: 0.876–1.551). Predictive performance fur-
ther confirms the advantage of multi-source integration. 

CONCLUSIONS

The proposed DNS-ABC framework, together with the 
(SIRD)² model, enables the estimation of group-specific re-
production numbers by stratifying transmission according to 
vaccination status. The multi-source ABC approach is well 
suited to settings lacking a single comprehensive data source, 
where heterogeneous partial data can be integrated to en-
able inference. Since the basic reproduction numbers cap-
ture both biological transmissibility and behavioural factors, 
the results suggest that the latter may have contributed to the 
higher reproduction number estimated among vaccinated 
than among unvaccinated individuals.
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INTRODUCTION

Response-adaptive randomization is a class of adaptive 
clinical trial designs in which treatment allocation probabil-
ities are updated during the study according to accumulat-
ing patient outcomes. By assigning future patients with higher 
probability to the treatment arm that appear more beneficial, 
these designs aim to improve trial efficiency while address-
ing ethical concerns related to patient benefit. However, 
adaptive allocation requires sequential decision-making un-
der uncertainty, especially when the treatment effect and the 
response-generating mechanism are only partially known. 
Bayesian Reinforcement Learning (BRL) provides a natural 
framework for this problem, but standard approaches usually 
rely on the availability of an explicit likelihood, which may be 
unavailable or computationally intractable in realistic clinical 
settings.

OBJECTIVES

We propose a novel likelihood-free full BRL approach for 
response-adaptive randomization in clinical trials. The objec-
tive is to update, online, the posterior distribution of both the 
unknown environment parameters and the resulting optimal 
allocation policy, thereby quantifying uncertainty not only on 
treatment effects but also on the adaptive randomization rule 
itself.

METHODS

The proposed method combines Approximate Bayesi-
an Computation with Iterated Batch Importance Sampling 
(IBIS), from which the name Likelihood-Free IBIS (LF-IBIS) is 

derived. At each stage of the trial, the parameters that govern 
the distribution of the unknown response are propagated and 
reweighted according to their plausibility, which is assessed 
using simulated pseudo-trial histories rather than an explic-
it likelihood. For each posterior particle, the corresponding 
optimal allocation policy is computed, yielding an empirical 
posterior distribution over response-adaptive policies. We 
evaluated the method in a two-arm clinical trial simulation, 
where patient responses are sequentially observed and allo-
cation probabilities are updated as new outcomes become 
available. A conjugate Bayesian setting was used as a vali-
dation scenario, allowing comparison with the exact posterior 
distribution.

RESULTS

The likelihood-free procedure closely reproduced the se-
quential posterior learning of the treatment response prob-
abilities obtained in the validation scenario. The resulting 
posterior distribution of the optimal response-adaptive policy 
evolved coherently as patient outcomes accumulated, pro-
gressively favouring the treatment arm associated with higher 
expected benefit while retaining policy uncertainty when evi-
dence was still limited. Additional simulations in settings with-
out closed-form posterior updates showed that the method 
can maintain online Bayesian learning and adaptive policy 
updating even when standard likelihood-based BRL is not di-
rectly applicable.

CONCLUSIONS

LF-IBIS provides a flexible Bayesian framework for re-
sponse-adaptive randomization in clinical trials, that does not 
require explicit likelihood specification. The flexibility of the 
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method enables the straightforward incorporation of adverse 
events and individual patient characteristics into the implicit 
model. By producing posterior distributions over both mod-
el parameters and allocation policies, the method supports 
transparent uncertainty quantification. This is particularly rel-
evant for modern clinical research settings in which complex 
data-generating mechanisms, patient-centered outcomes and 
sequential decision-making require statistically principled, in-
terpretable and ethically aware adaptive methods.
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INTRODUCTION

Alzheimer’s disease (AD) is the leading cause of dementia 
worldwide and is characterized by progressive decline in cog-
nitive functions. Mild Cognitive Impairment (MCI) represents 
an intermediate stage between normal aging and dementia, 
with measurable cognitive decline but largely preserved func-
tional independence. However, overlapping clinical features 
and heterogeneous disease patterns may limit the accuracy 
of conventional classification approaches. Machine learning 
(ML) methods can support clinical decision-making by iden-
tifying complex neuroanatomical patterns in neuroimaging 
data and improving the characterization of different stages of 
cognitive impairment.

 OBJECTIVES

This study aimed to compare different supervised ML al-
gorithms for binary and multiclass classification of cognitive 
impairment using structural MRI-derived volumetric biomark-
ers. Specifically, we evaluated the performance of models 
trained using neuroanatomical features alone and models 
integrating MRI biomarkers with demographic variables. In 
addition, SHAP-based explainability analysis was applied 
to identify the features contributing most to model predictions 
and to improve the interpretability of the classification frame-
work.	

METHODS

The study included 204 participants, comprising 54 
patients with AD, 79 individuals with MCI, and 71 HC. 

T1-weighted structural MRI scans were processed using au-
tomated pipelines to extract cortical and subcortical volumet-
ric measures. Five supervised ML algorithms were evaluated: 
Logistic Regression, Random Forest, XGBoost, LightGBM, and 
Support Vector Machine (SVM). All models were implement-
ed within a standardized pipeline including feature scaling, 
feature selection using SelectKBest with ANOVA F-test, hy-
perparameter tuning with GridSearchCV, and stratified 5-fold 
cross-validation. Two experimental settings were compared: 
models trained only on MRI-derived volumetric features and 
models trained on a combination of MRI and demographic 
features. Performance was evaluated using accuracy, F1-
score, ROC-AUC, and confusion matrices. Finally, SHAP 
analysis was applied to the best-performing models to assess 
the contribution of individual features to classification deci-
sions.	

RESULTS

In the binary classification task distinguishing MCI/AD 
from HC, all models achieved higher performance than in the 
multiclass setting. Using only MRI-derived volumetric features, 
Logistic Regression showed the best performance, reaching 
an accuracy of 0.70 and a ROC-AUC of 0.76. The inclusion 
of demographic variables further improved classification 
performance, with SVM achieving the highest results, corre-
sponding to an accuracy of 0.75 and a ROC-AUC of 0.80. In 
the multiclass classification task involving AD, MCI, and HC, 
Random Forest achieved the best performance when using 
only volumetric biomarkers, with an accuracy of 0.53 and 
a ROC-AUC of 0.69. When MRI and demographic features 
were combined, SVM achieved the best performance, reach-
ing an accuracy of 0.56 and a ROC-AUC of 0.72. SHAP 
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analysis identified the amygdala, hippocampus, corpus cal-
losum subdivisions, and age as the most influential features 
driving model predictions.	

CONCLUSIONS

The findings support the potential role of structural MRI 
biomarkers combined with interpretable ML approaches for 
the classification of cognitive impairment. The integration of 
demographic variables improved model performance, par-
ticularly in binary discrimination tasks, whereas multiclass 
classification remained more challenging, likely due to the 
clinical and neuroanatomical overlap between MCI and AD 
patterns. This framework may represent a promising approach 
for future clinical decision-support tools aimed at improving 
diagnostic stratification, although further validation in larger 
independent cohorts is required.
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INTRODUCTION

Patient-reported outcome measures (PROMs) are essen-
tial tools to inform improvements in healthcare quality, to de-
termine what matters to individuals in care and to guide clin-
ical and prevention decision-making. Timely vaccination of 
university students is a cost-effective strategy to reduce infec-
tion rates and the burden of Human Papillomavirus (HPV)-as-
sociated consequences including various types of cancer. In 
fact, a recent meta-analysis found that university students ex-
hibit limited awareness of HPV and vaccination, with about 
half willing to be vaccinated. 

OBJECTIVES

The present study aims to assess university students’ knowl-
edge, attitudes, and perceptions regarding HPV infection and 
HPV vaccination, as well as the factors influencing vaccine 
uptake and vaccination intention. The study seeks to identify 
the sociodemographic, behavioral and psychosocial determi-
nants associated with both actual vaccination adherence and 
future vaccination intentions. By providing a comprehensive 
understanding of the drivers and barriers to HPV vaccine ac-
ceptance among university students, the findings are expect-
ed to support the development of targeted educational and 
public health interventions aimed at improving HPV vaccina-
tion coverage in this population.

METHODS

A cross-sectional observational study was conducted on a 
sample of students at the University of Catania enrolled during 
the three open days conducted at the University of Catania to 

promote HPV vaccination in students, during the years 2025 
and 2026. A structurated questionnaire was administered to 
collect sociodemographic and behavioral information as well 
as to assess participants’ knowledge and attitudes. The data 
were analyzed using descriptive statistics, logistic regression, 
and clustering to identify behavioral determinants and profiles.

RESULTS

A total of 270 students (mean age 22.1 years ± 3.16), 
69,5 female, were enrolled. A marked gender difference in 
HPV vaccination coverage was shown with approximately 
66% of female students having received the vaccine com-
pared with only about 33% of male students. A total of 75% 
of vaccinated individuals came from families with at least a 
high school diploma or university degree. Knowledge of the 
HPV-cervical cancer link exceeded 90%, while knowledge 
relating to other HPV associated pathologies were at around 
40-45%. Logistic regression analysis identified trust in the 
vaccine and health authorities as the main predictors of vac-
cination intention, while low risk perception and confidence 
in natural immunity represented barriers. This model showed 
good predictive power (accuracy 73%; AUC 0.78). Clus-
ter analysis identified three distinct student profiles: a group 
characterized by positive attitudes toward vaccination and 
high levels of knowledge, a group that was well-informed but 
hesitant, and a third group consisting of skeptical and poorly 
informed individuals. 

CONCLUSIONS

PROMs are useful tools to explore students’ self-reported 
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awareness of HPV-related diseases, perceived susceptibility 
and severity, beliefs about vaccine effectiveness and safety, 
and willingness to receive or recommend HPV vaccination. 
Results of the present study emphasize the importance of de-
veloping targeted, evidence-based interventions, including 
personalized educational initiatives and multidisciplinary col-
laborations, to reduce disparities and enhance vaccine up-
take among university students.
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INTRODUCTION

Osteogenesis imperfecta is primarily characterised by 
skeletal fragility, but collagen alterations may also affect ex-
traskeletal tissues, making multitissue ageing-related molecu-
lar profiling biologically relevant. Ageing is accompanied by 
molecular changes that do not occur in isolation, but emerge 
as coordinated shifts across biological pathways, tissues and 
time. In experimental studies, however, the common practice 
of analysing molecular data marker by marker may overlook 
coordinated expression programmes and tissue-specific de-
velopmental trajectories. This issue is particularly relevant in 
small age-course studies, where complex experimental de-
signs require methods able to preserve the structure of the 
data while providing interpretable summaries of multigene 
variation.

OBJECTIVES

This study aimed to evaluate whether senescence-related 
gene expression showed coordinated age-course trajectories 
in BrtlIV mice carrying the heterozygous Col1a1G349C/+ 
mutation, a model of Osteogenesis Imperfecta, compared 
with wild-type Col1a1+/+ mice. Specifically, we evaluat-
ed the joint expression profile of P16, P21, P53 and LMNB1 
across age, genotype and tissue, with the goal of identify-
ing tissue-specific molecular trajectories rather than isolated 
gene-level differences.

METHODS

Expression levels of P16, P21, P53 and LMNB1 were ana-
lysed in lung, bone and heart samples collected at 6, 12 and 
18 months from wild-type and heterozygous mice. Gene-ex-
pression values were log10(x+1)-transformed and z-stand-
ardised to obtain comparable marker profiles. The four genes 
were then analysed as a multivariate molecular signature. 
Differences in coordinated expression patterns were assessed 
using permutational multivariate analysis of variance based 
on distance matrices, with permutations constrained within ex-
perimental batch identifiers to account for potential batch-re-
lated variability. A global model including age, genotype, 
tissue and their interactions was complemented by tissue-spe-
cific models. Homogeneity of multivariate dispersion and 
sensitivity analyses using an alternative distance metric were 
used to assess robustness. Ordination-based visualisation, 
heatmaps and age-course plots were used to support inter-
pretation. Gene-specific mixed-effects models were fitted as 
complementary analyses to identify the markers contributing 
to the multivariate signal.

RESULTS

The global multivariate model showed that senes-
cence-marker expression differed across experimental con-
ditions, with age, genotype and tissue acting jointly rather 
than independently. The model explained approximately 
38% of the total multivariate variation, indicating a substan-
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tial reorganisation of the combined gene-expression profile. 
Tissue-specific analyses revealed that these trajectories were 
not uniform across organs. Lung and heart showed clearer 
genotype-dependent age-course patterns, whereas bone 
displayed more heterogeneous expression dynamics. High-
er-order interaction terms supported the presence of tis-
sue-specific age-related differences between wild-type and 
heterozygous animals. These findings were consistent in sen-
sitivity analyses using an alternative distance metric and were 
not explained by major global differences in multivariate dis-
persion. Visualisation of the molecular profiles showed rela-
tively stable age-course trajectories in wild-type animals and 
more dynamic, tissue-dependent changes in heterozygous 
animals. Gene-specific models provided complementary ev-
idence that individual markers contributed differently to the 
coordinated multivariate patterns.

CONCLUSIONS

This exploratory study shows that small-scale molecular 
datasets can be analysed as coordinated age-course profiles 
rather than as independent marker-level outcomes. Integrat-
ing constrained permutation-based multivariate testing, visual-
isation of molecular trajectories and gene-specific follow-up 
models provides an interpretable framework for studying mo-
lecular profiles across tissues and biological conditions. This 
approach may help bridge classical biostatistical modelling 
and modern molecular data analysis in experimental studies 
with limited sample size but complex temporal structure.
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INTRODUCTION

In health impact assessments (HIAs) of air pollution, a cru-
cial issue is the correct specification of the concentration-re-
sponse function (CRF) between exposure and outcome. Tra-
ditional approaches often assume a linear relationship, with 
the risk of introducing bias when the association is actually 
non-linear. In this context, Shape Constrained Health Impact 
Functions (SCHIF) represent a methodological advancement 
developed specifically for HIA. They allow flexible curves 
that are consistent with biological plausibility constraints to 
be modelled, while at the same time they estimate a single 
effect coefficient, since non-linearity is incorporated into the 
transformation of exposure in the risk function. SCHIF returns 
three estimates of the CRF from the optimal model, an ensem-
ble of the best three models, and an ensemble of all estimated 
models. Simulation studies show that SCHIF better describe 
the association between PM2.5 and the outcome compared 
with linear models, but this has not yet been verified using 
real data.

OBJECTIVES

To evaluate, in a real cohort, the methodological robust-
ness of the estimated CRF between chronic exposure to fine 
particulate matter (PM2.5) and non-accidental mortality 

obtained with the optimal SCHIF model; to compare the es-
timates with those obtained from Cox models with exposure 
specified as a linear term or by natural splines (NS).

METHODS

The administrative cohort of residents (30+ years) in Rome 
on 09/10/2011 (2011 Census) was analysed, with follow-up 
to 31/12/2019. The following were estimated: (i) a Cox 
model with a linear term for PM2.5 (L), (ii) a Cox model with 
NS with 3 knots (S), and (iii) the SCHIF model, adjusted for in-
dividual- and area-level variables. The Bayesian Information 
Criterion (BIC) was used for model selection.

RESULTS

All analytical approaches highlight the presence of a sig-
nificant effect of PM2.5 exposure on the outcome. In L, the 
estimated exposure effect is β=0.012 (SE=0.029). However, 
the comparison with model S is statistically significant, indi-
cating that the association is not adequately described by a 
linear relationship. In model S, the first spline term is signifi-
cant (β=0.023; SE=0.009), whereas the additional non-linear 
terms are not. The optimal SCHIF model identifies a non-lin-
ear relationship, with deviation from linearity at the lowest 
PM2.5 levels, with an estimated coefficient of β(z)=0.140 
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(SE=0.032)×ω(z|min(z), 0.1)×log(1+z).In the comparison 
between models, the minimum BIC is observed for the SCHIF 
model, supporting a better fit to the data.

CONCLUSIONS

The SCHIF model shows the best fit and is confirmed as a 
promising approach for estimating more realistic and robust 
CRFs, useful in health impact assessments.
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INTRODUCTION

The Average Dose-Response Function (aDRF) is a standard 
global estimand for evaluating the causal effect of a continuous 
exposure. The estimation of the aDRF relies, among others, on 
the assumption that all units share common support. Howev-
er, when studying the short-term effects of temperature, some 
units (days) cannot realistically be exposed to certain exposure 
doses. The lack of common support can lead to problematic 
extrapolations.

OBJECTIVE

We propose a method to estimate local aDRFs within 
a Potential Outcomes (PO) framework, and use it to identify 
the short-term relationship between average temperature (lag 
0-3) and natural deaths in the Florence metropolitan area, Italy 
(2010-2019).

METHODS

Under the Stable Unit Treatment Value, we define for each 
day the number of deaths that would have occurred for differ-
ent temperature levels, i.e. the POs. Only the PO corresponding 
to the actually observed exposure is available, whereas the 
remaining POs are missing and must be imputed. We impute 
them using the following procedure. We do it according to the 
following procedure. Under local weak unconfoundedness, we 
first estimate the Generalized Propensity Score (GPS), defined 
as the conditional density of temperature given confounders. 
Then, for each day, we estimate the GPS at the observed tem-
perature, Ri, and over a pre-specified grid of temperature val-

ues. Finally, we fit a flexible model on daily mortality given tem-
perature and the Ri and use it to impute the POs for every day 
at each temperature level in the grid. Most existing methods 
rely on a global overlap assumption and target a global aDRF, 
estimated by averaging the imputed potential outcomes across 
all days for each temperature level. In contrast, we rely on a lo-
cal overlap assumption and estimate local aDRFs for subgroups 
of days for which local overlap holds. We define temperature 
intervals and for each interval we identify the subgroup of days 
based on the overlap between the Ri estimated for the days 
with temperature within the interval and the GPS predicted in 
the middle of the interval for the days with temperature outside 
the interval. The aDRF is then estimated for each interval, by 
averaging the imputed POs over the selected subgroup at each 
temperature level within the interval. We perform a simulation 
study to evaluate the performance of our method. 

RESULTS

Our procedure has good performance in terms of Absolute 
Bias and Root Mean Square Error. For the study area, we esti-
mate 5 local aDRFs for the temperature intervals [0-6], [6-12], 
[12-18], [18-24], [24-30]. The local aDRFs are consistent with 
the literature, highlighting the U-shaped risk related to extreme 
temperatures. 

CONCLUSIONS

Our local approach addresses the common support problem, 
avoiding inappropriate extrapolation. It yields dose–response 
curves that have causal interpretation and can be readily used 
to conduct impact evaluations under counterfactual scenarios.
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INTRODUCTION 
Real-world clinical registry data from addiction treatment 

centers are a valuable source for investigating the associa-
tion between substance use disorder (SUD) and cardiovas-
cular disease (CVD) but are frequently affected by missing 
data arising from irregular attendance and heterogeneous 
data collection. Inadequate handling of missing data may in-
troduce substantial bias in the estimation of epidemiological 
associations, particularly when missingness varies markedly 
across variables.

OBJECTIVES
To compare the performance of non-parametric missing 

data imputation methods in a mixed-type real-world clinical 
registry and evaluate their impact on cardiovascular risk esti-
mates across variables with increasing levels of missingness.

METHODS 
A retrospective cohort of 4,895 unique patients admitted 

to the San Patrignano addiction treatment center (Bologna, 
Italy) between 2015 and 2024 was analyzed using 40 var-
iables (8 continuous, 32 categorical). The outcome variable 
was withheld from the imputation model throughout. 

Three imputation methods were assessed: missForest, 
kNN, and guided hot-deck, all tuned by grid search. MissFor-
est was evaluated using built-in error estimates: NRMSE for 
quantitative and PFC for categorical variables, whereas kNN 
and guided hot-deck were assessed through method-specif-
ic proxy indicators. A binary cardiovascular outcome was 
defined as the presence of cardiovascular disease-related 

conditions. Odds ratios (ORs) and 95% confidence intervals 
(95%CI) were estimated using complete-case analysis and 
after imputation for variables characterized by different levels 
of missingness: cocaine use (1%), obesity (12%), total choles-
terol (39%) and overdose history (73%).

To quantify the sensitivity of epidemiological estimates to 
the imputation strategy, two summary indicators were calcu-
lated:

and

where ORCC and ICwidthCC denote the odds ratio and con-
fidence interval width obtained from the complete-case anal-
ysis. All statistical analyses were done in R (version 4.5.0).

RESULTS

kNN showed a more favorable proxy-based profile than 
guided hot-deck, with lower continuous and categorical 
proxy values (0.032 and 0.072 vs. 0.091 and 0.226, respec-
tively), while missForest yielded NRMSE=0.604, indicating a 
relatively high value, and PFC=0.110. The impact of imputa-
tion on epidemiological estimates increased with missingness 
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proportion. For low-missingness variables (cocaine 1%, obe-
sity 12%), OR estimates were stable across all methods (OR 
range: 4.0–4.1; ΔOR=0.26; ΔIC=0.44). For total cholesterol 
(39% missing), modest differences emerged across imputa-
tion strategies (ΔOR=0.62; ΔIC=0.55), although the epide-
miological interpretation remained unchanged. The largest 
variability was observed for overdose history (73% missing), 
where OR estimates ranged from 1.8 to 3.3 (ΔOR=0.62; 
ΔIC=0.55). Nevertheless, overdose was consistently identi-
fied as a positive risk factor across all methods.

CONCLUSIONS 

The practical impact of missing data imputation depend-
ed strongly on the amount of information recovered from in-
complete variables. For low-to-moderate missingness, com-
plete-case and imputed analyses yielded consistent estimates 
across algorithms. Differences in point estimates and confi-
dence interval widths emerged only above 70% missingness, 
without changing the direction or substantive interpretation. 
Because reconstruction-performance metrics may be structur-
ally heterogeneous across methods, they are best restricted 
to within-method tuning. In this setting, the operational value 
of imputation was more appropriately assessed through its 
impact on downstream epidemiological inference, with ΔOR 
and ΔIC providing an interpretable framework for comparing 
imputation strategies in real-world registry studies.
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INTRODUCTION

Stroke is a leading cause of long-term disability world-
wide. Despite the central role of rehabilitation to functional re-
covery, accurately predicting outcomes remains difficult due 
to the marked variability in post-stroke recovery trajectories. 
Machine learning may help modelling complex, non-linear 
relationships between clinical variables and outcomes. How-
ever, most existing approaches focus on single outcomes, ne-
glecting the multidimensional nature of post-stroke recovery. 
Multi-output models may represent a more clinically coherent 
and statistically efficient alternative.

OBJECTIVES

This study aims to compare single-output and multi-out-
put machine learning approaches for predicting rehabilitation 
outcomes at discharge in post-stroke patients undergoing in-
tensive rehabilitation. Specifically, we trained and compared 
four algorithms in both their single-output and multi-output 
formulations to predict three functional outcomes and eval-
uated whether joint modelling improves prediction accuracy 
over independent single-output machine learning models.

METHODS

Data were obtained from the STRATEGY registry, a mul-
ticentre Italian prospective cohort of 743 post-stroke patients 
admitted for intensive inpatient rehabilitation at IRCCS Fon-
dazione Don Carlo Gnocchi centres from 2022 onward. The 
registry systematically collects standardised demographic, 
clinical, neurological, cognitive, and functional data from 
adults admitted within 30 days of ischemic or haemorrhagic 
stroke, assessed at admission and discharge according to the 
PMIC2020 framework and additional measures of clinical 
complexity and comorbidity. Outcomes of interest were Mod-
ified Barthel Index (mBI), Trunk Control Test (TCT), and modi-
fied Rankin Scale (mRS) scores at discharge. After data clean-
ing, 702 patients were included. Model development and 
evaluation were conducted using a nested validation scheme. 
In the outer loop, the dataset was split into a development set 
(n = 561, 80%) and a held-out test set (n = 141, 20%). With-
in the development set, an inner 5-fold cross-validation (CV) 
procedure was used for hyperparameter tuning and model 
selection. Missing data were imputed using k-Nearest Neigh-
bours, with the imputation model fitted exclusively on training 
folds to prevent information leakage. Each training fold and 
the final development set were augmented via synthetic data 
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generation using the R package synthpop. 
Four machine learning algorithms were evaluated in both 

single-output and multi-output formulations: Random Forest, 
Elastic Net, CatBoost, and XGBoost. For each algorithm, hy-
perparameters were optimised through grid search within the 
inner 5-fold CV. Model selection was based on a composite 
metric defined as the average Normalised Root Mean Square 
Error (NRMSE) across the three outcomes. The best-perform-
ing single-output and multi-output models were retrained on 
the full development set and evaluated on the held-out test set.

RESULTS

The best-performing multi-output model was the multi-out-
put Random Forest, whereas Elastic Net achieved the best 
performance among single-output models, with comparable 
performance during cross-validation. On the held-out test set, 
the multi-output approach achieved better performance on all 
three outcomes, with the largest improvements observed for 
mBI and TCT.

CONCLUSIONS

Multi-output modelling, by leveraging the shared struc-
ture among rehabilitation outcomes, improved prediction 
accuracy across all three targets compared to independent 
single-output models. These findings suggest that multi-output 
machine learning approaches may provide a more effective 
framework for prognostic modelling in post-stroke rehabilita-
tion.
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INTRODUCTION

Sample size determination remains an important method-
ological challenge in the development of machine learning 
(ML) prediction models in clinical studies. Unlike classical 
statistical approaches such as regression-based methods, 
there is still no widely accepted procedure for estimating the 
amount of data required to develop reliable ML models, and 
current practice remains highly variable and largely based on 
informal or heterogeneous criteria.

OBJECTIVES

This study had two main aims: 1) to identify and critically 
compare the methods proposed for sample size determination 
in ML-based clinical prediction studies through a systematic 
review; and 2) to apply and compare the methods identified 
in the systematic review within a real-world case study based 
on the STRATEGY study, a multicentre Italian cohort originally 
including 743 post-stroke patients admitted to intensive inpa-
tient rehabilitation. 

METHODS

The systematic review was conducted using searches in 
three bibliographic databases: MEDLINE, the Cochrane Li-

brary, and EMBASE. In addition, a forward citation search 
was performed in Scopus to identify studies that applied the 
identified methodological approaches to justify sample size in 
their own ML-based analyses. 

The identified methods were then applied to the STRATE-
GY dataset. Model development and evaluation were con-
ducted using a nested validation framework. First, the dataset 
was split into a development set (80%) and an independent 
test set (20%). Within the development set, an inner 5-fold 
cross-validation procedure was used for models training (i.e. 
SVM, RF and XGBoost), hyperparameter tuning, and model 
selection. Before models fitting, missing data were imputed us-
ing the K-Nearest Neighbours algorithm, and synthetic data 
generation was performed within each training fold using the 
R synthpop package. 

RESULTS

The literature search identified 35 studies meeting the in-
clusion criteria: 9 methodological papers and 26 empirical 
studies. The most used approaches for sample size determi-
nation for ML models are an a priori formula, an empirical 
learning curve method, and a parametric learning curve ex-
trapolation. We applied them to the STRATEGY dataset, with 
the aim of predicting the modified Barthel Index (mBI) at dis-
charge. 
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The three sample size determination approaches yielded 
concordant, but numerically different estimates. The a priori 
method produced the largest required sample size, consistent 
with its conservative analytical nature, followed by the empir-
ical learning curve and the parametric extrapolation method. 
Notably, all three sample size estimates exceeded the sample 
size used by Campagnini et al. (2025, Scientific Reports) in 
a similar post-stroke rehabilitation population. Although not 
directly comparable, the lower predictive performance re-
ported by Campagnini et al. is consistent with their smaller 
sample size, which was below estimates obtained in our post 
hoc assessment.

CONCLUSION

The sample size estimates obtained in this study should not 
be interpreted as fixed thresholds, but as complementary ref-
erence points that may support study planning. To the best of 
our knowledge, this is one of the first works to systematically 
map and compare the available methods for sample size de-
termination in ML-based clinical prediction studies. 
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INTRODUCTION

Randomized controlled trials (RCTs) are the gold stand-
ard for causal inference, but observational studies can also 
provide robust causal evidence. Target Trial Emulation (TTE) 
applies the principles of RCTs to observational data by ex-
plicitly specifying the protocol of a hypothetical trial before 
conducting the analysis. While this framework has been ap-
plied to pharmaceutical interventions, non-pharmaceutical 
interventions present additional challenges: exposures often 
correspond to behaviors rather than clearly defined interven-
tions capable of inducing those behaviors.

OBJECTIVES

To describe the development and implementation of a TTE 
study within the European STAGE project investigating the ef-
fect of smoking cessation during pregnancy on maternal and 
child outcomes.

METHODS

We developed a target trial protocol specifying eligibil-
ity criteria, treatment strategies, assignment procedures, out-
comes, and follow-up for both the hypothetical target trial and 
its observational emulation. The emulation used data from the 
NINFEA study, an internet-based birth cohort including ap-
proximately 7,500 mother-child pairs, with repeated ques-
tionnaires administered from pregnancy until 16 years after 
delivery.

RESULTS

The target trial includes adult pregnant women who 
smoked before pregnancy and compares two treatment strat-
egies: smoking cessation (0 cigarettes/day) versus continued 
smoking (>0 cigarettes/day). Randomization is stratified by 
maternal age, educational level, parity, recruitment center, 
smoking history, and pre-pregnancy morbidities. Maternal 
outcomes include smoking habits after delivery and hospital-
ization within 18 months postpartum; child outcomes include 
birth weight and respiratory diseases. Follow-up begins at 
conception and ends at outcome occurrence, loss to- or end 
of follow-up. Both intention-to-treat and per-protocol effects 
are estimable.

The observational emulation includes all adult women in 
the NINFEA cohort who smoked before pregnancy. The avail-
ability of repeated smoking assessments allowed the emula-
tion of two nested target trials, considering the assignment 
to treatment strategies at two time points: smoking cessation 
either at conception or during the first trimester. Randomiza-
tion is emulated through adjustment for baseline covariates 
corresponding to the stratification variables. Outcomes are 
assessed using questionnaires administered 6 and 18 months, 
and 7 years after delivery. 

Smoking cessation at conception substantially reduced 
the odds of postpartum smoking relapse at both 6 months 
(OR = 0.13; 95% CI: 0.10–0.18) and 18 months (OR = 0.21; 
95% CI: 0.15–0.28), and was associated with a higher 
birth weight (β = 97.6 g; 95% CI: 42.5–152.7 g). Similar 
results were obtained with smoking cessation within the first 
trimester.
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CONCLUSIONS

Our results showed positive effects of smoking cessa-
tion during pregnancy on both maternal and child health. 
The study, demonstrating the feasibility of emulating RCTs of 
non-pharmaceutical interventions using observational data, 
also highlights methodological considerations specific to be-
havioral interventions. Unlike pharmacological treatments, 
smoking cessation can be achieved through multiple interven-
tions (e.g. counselling or financial incentives), which were not 
directly observed in the cohort. Consequently, the emulation 
focused on well-defined behavioral strategies using explicit 
cessation thresholds rather than the underlying intervention. 
Furthermore, identifying pregnancy onset as the trial time zero 
ensured alignment between the target trial and the observa-
tional data, while repeated exposure measurements enabled 
the assessment of adherence to the assigned treatment strat-
egy over time.
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INTRODUCTION

Early infections are a leading cause of morbidity and mor-
tality after liver transplantation, yet risk stratification typically 
relies on single markers rather than on integrated donor-re-
cipient-perioperative profiles. The data-driven identification 
of latent subgroups offers a complementary approach, al-
though its clinical application is often limited by the lack of 
standardized, reproducible pipelines that are robust against 
data leakage.

OBJECTIVES

To identify, through latent class and latent profile analy-
sis (LCA/LPA), clinically interpretable phenotypes associated 
with early infection risk in a liver transplantation cohort, while 
validating PhenoCluster, an open-source Python framework 
that integrates phenotype discovery and downstream infer-
ence into a single configurable pipeline.

METHODS

PhenoCluster (https://github.com/EttoreRocchi/phe-
nocluster) implements an end-to-end configurable pipeline. 

We analyzed 553 liver transplant recipients (2018-2024) 
described by 30 mixed donor, recipient, and perioperative 
variables. Phenotypes were identified through LCA/LPA with 
StepMix, handling missing data via full-information maximum 
likelihood (FIML) and selecting the number of classes using 
information criteria (BIC, AIC, ICL). To prevent data leakage, 
the train/test split (80/20) was performed before preproc-
essing. The analysis comprised three steps: (i) estimation of the 
latent class model and selection of the number of phenotypes 
on the training set; (ii) prediction of phenotypes on the test set, 
to assess robustness on unobserved patients; (iii) re-estimation 
on the full cohort for the final estimates. Classification quality 
was assessed using the average posterior probability (AvePP) 
and stability via consensus clustering. Associations with out-
comes were estimated using logistic regression (OR, 95% CI, 
Benjamini-Hochberg corrected p-values) and survival models 
(Cox, Kaplan-Meier).

RESULTS

Three clinically coherent phenotypes emerged, along a 
gradient of liver disease severity. Phenotype A (n=251; me-
dian MELD 12) served as the reference (any infection at 30 
days: 27%). Phenotype B (n=179; median MELD 27, Child-
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Pugh B/C 90%, thrombocytopenia, hypoalbuminemia, and 
frequent CRE colonization) showed the highest infectious 
burden: an approximately threefold increase in any infection 
(54%; OR 3.12; 95% CI 2.01-4.84; HR 2.35; 95% CI 1.75-
3.16), with excess bacterial (OR 2.70), viral (OR 3.10), and 
fungal (OR 4.39) risk. Phenotype C (n=123; median MELD 9, 
Child-Pugh A 84%) showed a selectively bacterial risk (OR 
1.64), without excess viral or fungal risk; 30-day mortality 
did not differ across phenotypes. Classification quality was 
high (AvePP 0.921; 74.6% with a posterior probability above 
0.90; AvePP 0.929 in the test set), and internal validation 
showed no overfitting (training vs test log-likelihood -23.46 
vs -23.51; consensus clustering stability 0.699).

CONCLUSIONS

Latent class and latent profile analysis of integrated do-
nor-recipient-perioperative profiles identifies reproducible 
and clinically interpretable phenotypes that stratify early in-
fection risk after liver transplantation. The PhenoCluster frame-
work, validated here, provides a standardized, reproducible 
approach that is domain-agnostic and applicable to hetero-
geneous clinical cohorts. Open-source code: https://github.
com/EttoreRocchi/phenocluster.
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INTRODUCTION

Integer Autoregressive Models (INAR) have demonstrated 
their versatility in applications involving epidemiological count 
data. Among the possible model specifications, the equidis-
persed first-order Poisson INAR (1) represents a straightfor-
ward and parsimonious solution for practitioners due to its 
simplicity of use and availability of bootstrap-based inference. 
However, two preliminary checks are relevant: testing for the 
presence of an INAR effect and assessing whether the arrival 
process can reasonably be modeled as equidispersed Poisson, 
which simplifies both estimation and forecasting.

OBJECTIVES

This work proposes a novel bootstrap procedure for test-
ing the presence of an INAR(1) effect in count time series. The 
procedure adapts the fast-double bootstrap algorithm pro-
posed in Davidson, et al by introducing an additional loop 
within each bootstrap replication. In addition, it provides di-
agnostic information on the equidispersion of the arrival pro-
cess by extending the approach of Palazzo et al.

METHODS

To test the presence of the INAR effect, both the semi-par-
ametric and the parametric bootstrap-based score statistics 
can be redesigned for the fast-double bootstrap algorithm 
with and without specifying a given distribution for the dis-
turbances. Then, by exploiting the different behavior of the 
parametric and semi-parametric bootstrap distribution in the 
specific case of the Poisson score statistic under model mis-
specification, a procedure is implemented to diagnose the 
non-equidispersion of the disturbances. To show the applica-

bility of the procedure, a small-scale Monte Carlo simulation 
is implemented by employing four data-generating processes 
for the parametric arrivals to capture under-/over-dispersion 
and zero-inflation. Then, freely available surveillance low-
count data regarding infectious diseases have been consid-
ered for an empirical assessment of the procedure. One of 
the data sources regards the weekly number of syphilis cases 
(dataset: syph) in the United States (51 states, T=209).

RESULTS

Simulation analysis confirms that the fast-double bootstrap 
algorithm can provide non-negligible improvements in terms of 
empirical size (under the null hypothesis of no INAR effect) and 
power (presence of INAR effect) due to the pivotality of both 
the bootstrapped and the asymptotic score statistics in many 
cases, especially when the time series are moderately small 
(T=50, 75). Moreover, the procedure fails when the parametric 
bootstrapped Poisson score statistic is used under model mis-
specification (presence of under-/over-dispersion or zero-in-
flation) due to the non-pivotality issue. In this sense, a further 
comparison between bootstrapped parametric and semi-par-
ametric score statistics can represent a diagnostic tool to em-
pirically verify equi-dispersion in the data. In terms of empirical 
applications, the syph data do not always show evidence of an 
INAR effect, whereas the diagnostic tool suggests avoiding the 
use of Poisson INAR for the majority of the series investigated. 
After the pretests, a summary of the applications can be provid-
ed through ex-post bootstrap-based confidence intervals.

CONCLUSIONS

The proposed fast-double bootstrap procedure represents 
a computationally feasible method to pretest count data for 
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the presence of a short-term mechanism. The diagnostic tool 
should be formalized in further research and also compared 
with the existing proposals in terms of performance achieved 
under different simulation scenarios.
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INTRODUCTION

Air pollution and extreme temperatures are among the 
leading environmental determinants of premature mortality. Al-
though the short-term associations between particulate matter 
with an aerodynamic diameter smaller than 10 μm (PM10), 
temperature, and mortality have been extensively documented, 
the nature of their joint effects remains largely unexplored.

OBJECTIVES

Conceptualizing both temperature and air pollution as 
modifiable treatments within a potential outcome (PO) ap-
proach to casual inference, we aimed to: (1) estimate the joint 
causal effect of particulate matter ≤10 µg/m³ (PM10) and 
temperature on natural mortality in the metropolitan area of 
Florence (2008–2019) within the potential outcomes frame-
work, and (2) quantify the attributable fraction among the ex-
posed under a joint counterfactual reduction scenario.

METHODS

DATA

Daily time series data on air pollution and mortality were 
collected from 2008 to 2019 for an area including eight mu-
nicipalities in Tuscany: Bagno a Ripoli, Calenzano, Campi 
Bisenzio, Florence, Lastra a Signa, Scandicci, Sesto Fiorenti-

no, and Signa (597740 inhabitants in 2019). Mortality data, 
sourced from mortality registers, encompassed all natural 
causes, excluding the external ones. Air quality data were 
obtained from the Tuscany Regional Environmental Protection 
Agency (ARPA), while meteorological data including tem-
perature and relative humidity were provided by the Tuscany 
Regional Hydrological Service (SIR) and the Laboratory of 
Monitoring and Environmental Modelling for Sustainable De-
velopment (LaMMA Consortium).

STATISTICAL ANALYSIS

Daily time-series data on mortality, PM10, and tempera-
ture were analyzed using g-computation under a bivariate 
treatment framework. POs were defined for joint exposure 
levels of PM10 and temperature under assumptions of no un-
measured confounding, consistency, and positivity formulated 
for the two-dimensional exposure. A bi-dimensional average 
dose-response function (aDRF) was estimated to character-
ize how the joint variation in PM10 and temperature influences 
mortality. Attributable deaths (AD) and attributable fractions 
among the exposed (AF) were computed by comparing ob-
served exposure levels with a counterfactual scenario defined 
by PM10 = 15 µg/m³ (WHO 2021 annual guideline) and 
temperature = 25°C.

RESULTS

The estimated dose-response surface showed evidence 
of interaction between PM10 and temperature, with amplified 
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mortality risks at higher temperatures. Under the joint reduc-
tion scenario, 919 deaths were attributable to the combined 
effect of elevated pollution and temperature, corresponding 
to an AF of 9.45%. The AF was substantially larger under 
concurrent high-temperature and high-PM10 conditions com-
pared with the reduction of one exposure only (AF = 3.66% 
for PM10 alone and 5.53% for temperature alone), supporting 
the presence of synergistic effects.

CONCLUSIONS

This study provides causal evidence of a synergistic short-
term effect of PM10 and temperature on mortality. The estimat-
ed attributable fractions highlight the public health relevance 
of joint exposure reduction strategies, particularly in the con-
text of climate change and increasing heat events.
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INTRODUCTION

Recent studies showed poor performance of large lan-
guage models (LLM) for assessing risk of bias (RoB) with the 
RoB2 tool. This is in line with the low reliability that humans have 
in assessing RoB. However, the use of an implementation doc-
ument (ID) prepared by expert reviewers – i.e., a standardised 
document providing clear instructions on how to answer each 
signalling question – can increase inter-rater agreement, and 
may improve the performance of LLM in RoB-related tasks. 

OBJECTIVES

To determine the best framework for using LLMs to support 
human RoB2 assessments, and to evaluate the value of an ID 
for LLM-assisted evaluation.

METHODS

We will include three outcomes from randomised con-
trolled trials (RCTs) across three different systematic reviews in 
which RoB2 was manually assessed with the guidance of an 
ID. The final manual assessments will serve as the reference 
standard. We will prompt LLMs to assess RoB by providing 
them with (i) the full RoB2 guidance and (ii) the text and sup-
plementary files of the included RCTs. The model output will 

consist of quotes from the RCT or generated summaries for 
each signalling question, along with suggested judgements 
for each applicable signalling question, each domain and 
overall. Two human reviewers will assess the quality and use-
fulness of the LLM outputs in answering signalling questions. 
We will compare the performance of LLMs with and without 
additional ID guidance, focusing on information extraction 
quality, accuracy, and reliability of suggested answers and 
overall judgements. This study will be conducted using locally 
run LLMs to ensure data privacy and model stability.

RESULTS

This is an ongoing study. We anticipate developing a 
framework for LLM-supported RoB assessments through the 
RoB2 tool. We will also report on the perceived quality and 
usefulness of using LLMs to support these assessments. We 
expect the agreement between LLM-based outputs and hu-
man reference standard to be non-inferior to assessments per-
formed by two humans using an ID.

CONCLUSIONS

This study will inform approaches to use LLMs to support RoB 
assessment. Future studies should focus on a prospective evalu-
ation of this proposed framework to measure efficiency gains.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a disorder of gut–brain 
interaction, in which psychological factors, including alexithy-
mia and psychosomatic syndromes, are thought to influence 
patients’ perceived health and quality of life. Patient-Reported 
Outcome Measures (PROMs) provide valuable insights into 
these patient-centered outcomes. 

OBJECTIVES

This study aimed to investigate the association between 
alexithymia, psychosomatic syndromes and patient-reported 
health status in individuals with IBS.

METHODS

A total of 143 patients diagnosed with IBS (81.8% female; 
age range 18–78 years, M = 30.90, SD = 14.39) were en-
rolled in this cross-sectional study. Participants completed a 
sociodemographic questionnaire, the Toronto Alexithymia 
Scale-20 (TAS-20), a self-report scale composed of 20 items 
based on a 5-point Likert scale ranging from “strongly disa-
gree” to “Strongly agree” assessing alexithymia. The scale is 
composed of three factors: difficulty identifying feelings (DIF), 
difficulty describing feelings (DDF) and externally oriented 
thinking (EOT). It represents a widely recognized valid instru-
ment for the assessment of alexithymia and related factors in 
a wide set of pathological and non-pathological domains, 
the Diagnostic Criteria for Psychosomatic Research–Struc-
tured Interview (DCPR-SI), and the SF-36 Health Survey as 

a measure of patient-reported health-related quality of life. 
Generalized linear models were estimated with the TAS-20 
(total score and single factors) as predictors and health status 
and psychosomatic variables as outcomes.

RESULTS

Higher levels of alexithymia were significantly associat-
ed with greater psychosomatic symptom burden and poorer 
patient-reported health-related quality of life, emerging as 
significant predictor of both psychosomatic syndrome severi-
ty and reduced scores across health status domains assessed 
by the SF-36. Specifically, higher levels of alexithymia were 
associated with lower scores on health status variables, in-
cluding physical functioning, role limitations due to emotional 
problems, emotional well-being, social functioning, pain and 
general health. In terms of psychosomatic conditions, alex-
ithymia was associated with higher levels of disease phobia, 
thanatophobia, Type A behaviour, irritable mood and demor-
alization. 

Considering DIF, DDF and EOT as predictors, all signif-
icant associations between DIF and DDF and health status 
were negative, indicating a deterioration in health associat-
ed with alexithymia. Contrarywise, all significant associations 
between alexithymia factors and psychosomatic syndromes 
were positive, highlighting the role of alexithymia in the on-
set and maintenance of psychosomatic disorders. Significant 
negative associations involving DIF were observed with role 
limitations due to emotional problems, emotional well-being, 
social functioning, pain, and general health. Positive associ-
ations emerged with disease phobia, thanatophobia, illness 
denial, conversion symptoms, Type A behaviour, irritable 
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mood, and demoralization. A significant negative association 
was found between DDF and role limitations due to emotional 
problems, while significant negative associations were identi-
fied with conversion, Type A behaviour and clinically detect-
ed alexithymia. EOT was found associated with higher levels 
of role limitations due to emotional problems, energy/fatigue, 
and emotional well-being. Conversely, lower levels of Type A 
behaviour, irritable mood, and demoralization emerged.

CONCLUSIONS

Alexithymia is strongly associated with worse patient-re-
ported outcomes in individuals with IBS. These findings sup-
port the integration of PROMs into the assessment of IBS and 
suggest that interventions targeting alexithymia may contrib-
ute to improving patients’ perceived health and quality of life.
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INTRODUCTION 

Choledocholithiasis or common bile duct stones (CBDS) 
is a frequent cause of hospitalization. Confirmed stones are 
usually removed by Endoscopic Retrograde Cholangiopan-
creatography (ERCP), but this procedure carries significant 
risks (infection, perforation, hemorrhage). Current guidelines 
from the European and American Societies for Gastrointes-
tinal Endoscopy (ESGE and ASGE) suggest ERCP only in 
patients deemed at high-likelihood of CBDS. 2019 updated 
ESGE guidelines define high-likelihood as having cholangitis 
or suspected CBDS at ultrasound (US), while ASGE also re-
quires the presence of both total bilirubin >4mg/dL and CBD 
dilation on US. However, these criteria do not show conclu-
sive performance with all studies showing very low sensitivity 
and high false negative rate although showing high specificity 
(thus minimizing the risk of unnecessary ERCPs).

OBJECTIVES 

The objective of the present study was twofold: 1) to evalu-
ate the diagnostic performance of ASGE and ESGE 2019 cri-
teria in confirming suspected CBDS on a novel single-center 
retrospective cohort; 2) to train different machine learning 
(ML) models and evaluate their performances in comparison 
with traditional guidelines.

METHODS 

Data extracted from the Morgagni-Pierantoni Hospital 
database, included n=870 patients admitted between 2017 

and 2022, with 13% later confirmed CBDS. The study includ-
ed patients who underwent US and blood tests and had a 
minimum follow-up of 12 months. Variables used for ML train-
ing were those that define ESGE/ASGE likelihood plus age, 
sex, white blood cells (WBC) and C-reactive protein (CRP) 
and were distributed at baseline as follows: mean age 66±17, 
female sex 52%, cholangitis 12%, abnormal liver function 
tests 34%, CBDS on US 4.6%, CBD dilation on US 17%, mean 
total bilirubin 1.30±1.73mg/dL, mean WBC 10480±6276, 
mean CRP 76±105. 14% (ESGE) and 15% (ASGE) scored 
as high risk. Outcome definition was confirmed CBDS at in-
traoperative RX or ERCP. ML algorithms compared were LR, 
SVM, KNN, LightGBM, Random Forest, GradientBoosting, 
XGBoost and MLP. Training, validation and test split was 
70%/15%/15%; 10-fold cross validation was used. AUC 
and Youden Index derived sensitivity, specificity, PPV, NPV 
and accuracy with 95% confidence intervals (CI) were used 
for evaluation. 

RESULTS 

The only model which achieved better results at all diag-
nostic measures was a deep feed-forward MLP architecture 
(layers size 32,16) trained on normalized predictor values 
(batch size=32, AdamW optimizer, cross-entropy loss). It 
showed good calibration (Brier score=0.14) and reached a 
test AUC of 0.85 [0.79-0.91]. At the best probability thresh-
old (0.22) it reached better test accuracy (0.85 [0.80-0.88]) 
than ESGE (0.82 [0.79-0.84]) and ASGE (0.82 [0.80-
0.85]). It also showed significantly higher test sensitivity (0.55 
[0.39-0.71]) than ESGE (0.35 [0.27-0.44]) and ASGE (0.4 
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[0.32-0.49]). Similar specificity was observed (MLP 0.89 
[0.87-0.92]), ESGE 0.89 [0.87-0.91], ASGE 0.89 [0.86-
0.91]. Test PPV and NPV were also significantly better (MLP 
0.42 [0.33-0.52] and 0.93 [0.91-0.95]; ESGE 0.32 [0.22-
0.44] and 0.90 [0.87-0.91]; ASGE 0.34 [0.24-0.45] and 
0.91 [0.89-0.91]).

CONCLUSIONS 

We compared 8 ML models to ASGE and ESGE high-like-
lihood criteria for suspected CBDS and showed that MLP 
reached significantly better performance in terms of sensitivi-
ty, NPV and PPV and overall greater accuracy while keeping 
similar specificity.
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INTRODUCTION

The exposome describes the totality of environmental, 
behavioural, occupational, social and biological exposures 
experienced across the life course. This framework is particu-
larly relevant for complex chronic diseases, where multiple 
exposures may interact dynamically with biological suscepti-
bility. Exposome studies generate heterogeneous high-dimen-
sional datasets, including pollutants, lifestyle, diet, socioeco-
nomic factors, clinical variables and molecular biomarkers. 
In this context, dimension-reduction techniques, particularly 
principal component analysis (PCA), are frequently used to 
summarize correlated exposures, but it is often applied with 
incomplete diagnostics and limited justification for accepting 
low explained variance. Thus, a dataset may be statistical-
ly suitable for PCA while still being poorly represented by a 
small, stable and interpretable set of components.

OBJECTIVES

We aimed to propose a diagnostic framework to distin-
guish applicability from dimension-reduction techniques use-
fulness in exposome research, with particular attention to the 
role of domain-specific PCA as a domain-informed unsuper-
vised approach.

METHODS

The framework was applied to two datasets. The first was 
EXPOSITION, an in-house cross-sectional cohort of 150 
Northern Italian patients with multiple sclerosis, including 68 
variables across demographic, clinical, sociodemographic, 
dietary, lifestyle, NO₂ exposure and miRNA domains col-
lected and managed through BIOMATRIX, a privacy-pre-
serving digital platform for biodiversity management and 
advanced analysis. The second was iMSMS, an internation-
al gut microbiome dataset including 1,152 multiple sclero-
sis patients and paired household controls, with variables 
across demographic, clinical, sociodemographic, dietary, 
microbiome, metagenomic and metabolomic domains. For 
each dataset, we applied a structured pre-PCA diagnostic 
assessment to evaluate the statistical admissibility of com-
ponent extraction. This included missingness evaluation, 
correlation matrix inspection, near-zero variance detection, 
outlier assessment, scaling sensitivity, Kaiser–Meyer–Olkin 
measure of sampling adequacy, Bartlett’s test of spherici-
ty and variable-level adequacy. PCA usefulness was then 
evaluated through explained variance, number of retained 
components, loading stability, domain purity, interpretabili-
ty and dimensionality-reduction efficiency. Global PCA was 
compared with domain-specific PCA, robust PCA, sparse 
PCA, factor analysis, FAMD and MFA.
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RESULTS

The application to EXPOSITION and iMSMS highlighted 
that conventional pre-PCA diagnostics are necessary but not 
sufficient. Even when factorability diagnostics supported PCA 
application, global PCA could still require several compo-
nents to explain an adequate proportion of variance, limiting 
its value as an efficient dimensionality-reduction strategy. This 
issue was particularly relevant when variables belonged to 
distinct conceptual domains or represented complex biologi-
cal profiles. Domain-specific PCA, while remaining unsuper-
vised because it does not use outcome information, incorpo-
rated a priori knowledge on exposure domains and provided 
more interpretable and epidemiologically coherent summa-
ries than global PCA in domain-structured data.

CONCLUSIONS

PCA should not be applied as a default dimensionali-
ty-reduction tool in exposome research. Researchers should 
report both pre-PCA diagnostics and post-PCA usefulness 
criteria, especially explained variance, component stability 
and interpretability. Domain-specific PCA may represent a 
practical compromise between purely data-driven reduction 
and meaningful exposure summarization in heterogeneous 
multi-domain datasets.
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INTRODUCTION

Grading and prognostic stratification are central tools 
in clinical practice: they synthesize complex biological and 
pathological information into categories, which can be used 
for risk assessment and decision making. In lung neuroendo-
crine tumors (NETs), the WHO classification traditionally dis-
tinguishes typical (TC) and atypical (AC) carcinoids on the 
basis of mitotic count (MC) and necrosis. This framework is 
about to evolve towards the integration of Ki-67, a prolifer-
ation index with recognized biological and prognostic rele-
vance. However, Ki-67 role has been highly debated in lit-
erature, partly due to the lack of universally accepted cut-offs 
and inter-observer reproducibility issues. When tumor sub-
groups are hypothesized, clustering represents a useful tool 
for identifying homogeneous groups of observations. How-
ever, translating groups obtained via unsupervised methods 
into transparent rules that can be applied to the clinical deci-
sion-making process is not straightforward.

OBJECTIVES

The aim was threefold: (i) to explore an alternative da-
ta-driven classification of lung NETs, integrating Ki-67 to MC 
and necrosis, for identifying clinically meaningful tumor sub-
groups with added value in grading and prognosis determi-
nation with respect to the TC/AC dichotomy; (ii) to translate 
them into a set of interpretable, reproducible, and applicable 
decision rules; (iii) to quantify uncertainty associated to cut-

offs, providing information about variability and support the 
evaluation of cases that are close to the decision thresholds.

METHODS

We applied an explainable clustering strategy, trans-
forming the data-driven groups into explicit classification 
criteria, to a retrospective cohort of 483 lung NETs. Obser-
vations were clustered using KAMILA, applied to necrosis, 
MC, and Ki-67. Partitions from 2 to 7 clusters were tested; 
the three-cluster solution was selected based on clinical inter-
pretability and internal validation indices, while the two-clus-
ter solution was compared against the TC/AC benchmark. 
Then, we fitted conditional inference trees to predict cluster 
labels from clustering variables, deriving a decision tree. Cut-
off stability was assessed through repeated cross-validation, 
estimating an empirical confidence interval (ECI) for each se-
lected threshold. Survival analyses were used to evaluate the 
prognostic value of the three-cluster solution for overall sur-
vival and relapse-free survival; transferability was explored 
in an external cohort.

RESULTS

Clustering identified three groups, named NET G1 to G3, 
characterized by progressively higher Ki-67, MC, and fre-
quency of necrosis. The groups only partially overlapped with 
the TC/AC classification, and provided a better stratification 
of ACs. Ki-67 resulted as the main discriminating variable, 
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splitting at ≤6% (95% ECI: 4-7%) and >16% (95% ECI: 16-
18%), for NET G1 and NET G3, respectively. MC contributed 
to classification in the intermediate group, while necrosis was 
not selected in the final system. The resulting groups showed 
prognostic stratification, particularly for relapse, and the de-
rived decision tree showed transferability to the external co-
hort.

CONCLUSIONS

We developed an interpretable, practical, three-tier clas-
sification system, which redefines the grading of lung NETs. 
Results supported Ki-67 integration in lung NETs stratification, 
confirmed MC as a discriminating factor, and suggested that 
necrosis might carry lower discriminative information. More 
broadly, this work supports the wider use of explainable clus-
tering in clinically oriented classification studies, especially 
when data-driven groups need to be translated into rules that 
can be inspected, communicated, and applied in practice. 
Incorporating ECI into the inferential decision tree enables 
quantification of measurement uncertainty, accounting for in-
ter-observer variability.
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INTRODUCTION

Recent advances in generative and agentic artificial in-
telligence are rapidly changing how biomedical research 
workflows are designed and conducted. AI-based assistants 
increasingly support coding, workflow automation, data anal-
ysis and scientific reporting. These tools could reduce time for 
routine analytical tasks and help researchers generate repro-
ducible statistical pipelines. However, in biomedical and pop-
ulation-health research, analytical outputs must be not only 
fast and executable, but also methodologically appropriate, 
reproducible, interpretable and safe. A key open question is 
whether agentic AI tools can support biostatisticians without 
compromising scientific validity. We will address this question 
within ML4Health at FIMM, University of Helsinki, which com-
bines health data with other information from nearly the whole 
Finnish population, including data from approximately 7 mil-
lion individuals. The research data include diagnoses, disease 
treatments, medications, laboratory values, medical notes, 
home and institutional care, personal information, residential 
and marital history, pregnancies and births, education, job 
position, social assistance, and dates and causes of death. 
In this setting, Goose will be used as the agentic workflow 
interface, while Gemini will represent the generative engine 
driving code generation and reasoning support.

OBJECTIVE

We aim to develop and apply a task-based comparative 
framework to quantify the methodological validity, reproduc-
ibility and efficiency of an AI-assisted biostatistical workflow 
using Finnish health registry data.

METHODS

We will compare the AI-assisted workflow with a hu-
man-driven biostatistical workflow. We will define approx-
imately 20 biostatistical tasks relevant to ML4Health and 
classify them into domains of increasing complexity. For 
each task, we will prepare an a priori methodological as-
sessment sheet specifying input information, analytical ob-
jective, expected output and key sub-components required 
for a valid response. An expert-validated reference solu-
tion will also be prepared. Both workflows will receive the 
same input data or metadata, task description and analyt-
ical objective. For the AI-assisted workflow, we will use a 
standardized prompt chain and document prompts, outputs, 
corrections and decisions. Each output will be compared 
with the reference solution using a predefined scoring grid. 
Each sub-component will be scored as 2 = correct and com-
plete or equivalent to the reference solution, 1 = partially 
correct or requiring minor correction, and 0 = incorrect, in-
complete or requiring major correction. For each task, we 
will calculate total and percentage performance scores. 
Outputs will be classified according to predefined validity 
thresholds, considering both percentage score and major 
validity-threatening errors. Errors will be categorized by 
type and severity, including data-handling, coding, recod-
ing, modelling, visualization, interpretation, reporting and 
reproducibility errors. The time required to generate, review 
and correct each output will also be recorded. Results will 
be summarized overall and by analytical domain.
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RESULTS

We expect to identify domains in which AI-assisted work-
flows can reduce time and resource use while maintaining 
acceptable analytical quality, and those requiring substantial 
expert supervision. Expected outputs include task-level quali-
ty scores, error profiles and time-effectiveness summaries.

CONCLUSIONS

This evaluation will clarify the potential role of agentic AI 
as a supervised support tool for biostatisticians and may in-
form practical recommendations for transparent, reproducible 
and efficient AI-assisted analyses in large-scale health data 
research.
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INTRODUCTION

Obstructive Sleep Apnea (OSA) is a highly prevalent 
sleep disorder characterized by recurrent upper airway ob-
struction during sleep, leading to intermittent hypoxia and au-
tonomic nervous system dysregulation. Heart Rate Variability 
(HRV), derived from RR interval series in ECG recordings, has 
been widely studied as a non-invasive marker of autonomic 
dysfunction in OSA. However, conventional HRV analyses 
rely on summary statistics that may fail to capture the full tem-
poral structure of the signal.

OBJECTIVES

This pilot study explores the application of Functional 
Principal Component Analysis (FPCA) to RR interval series 
extracted from polysomnographic ECG recordings, with the 
aim of identifying functional features associated with OSA se-
verity and respiratory event characterization.

METHODS

We retrospectively analyzed ECGs from full diagnostic 
polysomnographies from patients evaluated at the IRCCS Isti-
tuto Auxologico Italiano. Raw overnight ECGs were denoised 
and then segmented into non-overlapping event-locked ep-
ochs centered on individual respiratory events. Additionally, 

non-event ECG segments were extracted in order to utilize 
them as a control group. For each segment, RR interval se-
ries were extracted using a validated delineation algorithm 
for R peaks detection. Each RR series was then modeled as a 
continuous function over time using Functional Data Analysis 
(FDA) techniques and Functional Principal Component Anal-
ysis (FPCA) was applied in each setting to extract the leading 
modes of variation in RR series. The resulting functional prin-
cipal components (FPCs) were examined in relation to AHI 
values and respiratory event typology.

RESULTS

The event-locked analysis (n = 281) was conducted un-
der two perspectives: discrimination among respiratory event 
typologies and comparison between event and non-event 
segments. Scatter plots of the four leading FPCs (which ac-
counted for 48.8%, 12.5%, 9.5% and 7.3% of the total var-
iance, respectively) revealed no clearly discriminative func-
tional structure between event typologies. This is arguably 
interpretable, as both event types may elicit highly similar 
cardiac responses, producing largely overlapping function-
al signatures. Notably, the first functional principal compo-
nent predominantly described fluctuations around the mean 
RR value, effectively capturing the overall sympathovagal 
balance, rather than event-specific modulation patterns. A 
similarly inconclusive picture emerged from the event vs non-
event comparison, which is in this case more striking. Despite 
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the autonomic perturbation associated with respiratory events 
being expected to produce a detectable functional signature 
relative to baseline, the FPC scatter plots showed substantial 
overlap between the two groups. High intra- and inter-indi-
vidual variability in RR dynamics appears to dominate the 
functional representation, masking any systematic difference 
attributable to the presence of a respiratory event.

CONCLUSION

These preliminary findings suggest that naive applica-
tion of FPCA to raw RR series may be insufficient to extract 
OSA-related functional structure, due to the dominance of 
physiological variability unrelated to respiratory events. Rath-
er than representing a negative outcome, these results provide 
methodological insight into the limitations of direct function-
al decomposition and motivate the exploration of individu-
al-centered approaches to better isolate the autonomic sig-
nature of OSA from background variability. Further analyses 
are ongoing.
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INTRODUCTION

Information about patients’ priorities and treatment prefer-
ences is essential to guide decision-making processes along 
medical product life cycles. Discrete choice experiments 
(DCEs) are one of the most common methods to elicit pa-
tient preferences. Through the use of a robust methodology 
rooted on random utility theory, DCEs estimate patients utili-
ty functions defined by a set of coefficients called Preference 
Weights (PWs). PWs are used to reconstruct complex pref-
erence patterns such as benefit-risk trade-offs and the rela-
tive importance of treatment attributes. DCEs are, however, 
expensive and time-consuming, highlighting the need for evi-
dence synthesis via meta-analysis.  

OBJECTIVES

Currently, meta-analytic approaches are limited to trade-
offs parameters, as PWs estimated from different DCEs are 
not directly comparable due to methodological and design 
heterogeneity.

However, these require the identification of at least two 
trading attributes across pooled studies, hence limiting the 
possible therapeutic areas of application as well as the DCEs 
pool’s size. Here we construct the first systematic framework 
to synthesize DCEs quantitative information at the higher level 
of PWs, addressing how to re-scale PWs from different DCEs 
to allow comparisons and aggregation. 

METHODS

We develop a novel methodology stemming from network 
theory to rescale PWs across pooled DCEs. By anchoring 

PWs through common attributes, we are able to define DCEs 
networks. Sampling spanning trees through an Markov-Chain 
MonteCarlo (MCMC) procedure, we can set common scales 
across PWs from different DCEs, hence producing a sample 
of re-scaled PWs.

RESULTS

From the sample or re-scaled PWs sets, we are able to 
produce flexible meta-analytic outputs as distribution of pref-
erence parameters. Importance rankings allow to create a 
comprehensive picture of patients priorities across pooled 
DCEs. Besides standard trade-offs parameters, our approach 
also allows constructing non-linear trade-off curves between 
two or multiple attributes, to better capture real patients’ 
trade-off patterns.

CONCLUSIONS

Our framework represents a key step towards more ro-
bust and resource-efficient modelling of patients’ preferences. 
The production of multiple aggregated preference parameters 
outputs defines a comprehensive picture of patients preferenc-
es and priorities across different therapeutic areas, to guide 
development of new pharmaceutical products and regulatory 
decision making processes to account for patients real needs.
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INTRODUCTION

Childhood interstitial lung disease (chILD) encompasses 
rare, diffuse lung disorders with high morbidity and mortal-
ity. No pharmacological therapy has received regulatory 
approval, leaving management dependent on off-label treat-
ments. The extreme rarity of chILD prevents individual centers 
from gathering sufficient data for well-powered studies, while 
data governance regulations restrict traditional multicenter 
data pooling.

OBJECTIVES

This study aims to establish a privacy-preserving Bayesian 
Federated Inference (BFI) framework for treatment stratifica-
tion in chILD across a multinational network. Specifically, it 
seeks to: (1) compare the effectiveness of off-label therapies 
on clinical trajectories without moving individual patient data; 
(2) implement local Explainable AI (XAI) modules to pro-
vide interpretable treatment-response stratification by chILD 
subtype; and (3) evaluate a fixed-noise differential privacy 
mechanism to protect shared posterior estimates while main-
taining clinical utility.

METHODS

A retrospective multicenter cohort study will enroll patients 
aged 0–18 with a chILD diagnosis and a minimum of 12 
months of follow-up. The BFI framework enables privacy-pre-
serving analysis, where centers compute local Bayesian hi-

erarchical models and share only summary-level posterior 
parameter estimates. Federated aggregation combines these 
estimates into a global inference. Institutional heterogeneity 
and non-IID data distributions will be managed via BFI exten-
sions. A fixed Local Differential Privacy mechanism will add 
calibrated noise to shared posteriors prior to aggregation. 
Local XAI post-hoc modules (SHAP) will generate interpreta-
ble explanations of treatment-response predictions using the 
global model, with only aggregated feature-importance pat-
terns shared across the network.

RESULTS

A pilot proof-of-concept across European centers is ex-
pected to demonstrate the feasibility of collaborative ther-
apeutic evaluation without centralizing sensitive data. The 
privacy-protected BFI models are projected to yield interpret-
able stratifications of treatment response, with XAI enhancing 
clinical trust and actionable insight.

CONCLUSION

Ultimately, this framework establishes a scalable par-
adigm for collaborative medical AI in rare diseases, over-
coming data fragmentation to directly inform clinical practice 
while rigorously preserving patient privacy at every contrib-
uting institution.
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INTRODUCTION

The “illness-death model” describes a simple three-states 
process where subjects can move from the initial state to the 
final state (death) possibly transiting to an intermediate state 
(illness). This framework applies also when the intermediate 
state consists in a therapeutic intervention administered after 
waiting some time since the initial event, e.g. cardiopathic pa-
tients waiting for heart transplant.

Within such context, it could be of interest to compare the 
hazards of mortality without vs after treatment

administration. The problem could be tackled using multi-
state hazard based models, often relying on the Markov as-
sumption, considering adjustment for waiting time to treatment 
start. However, from a clinical perspective, it is often more 
interesting to answer counterfactual questions such as: what 
is the survival of a patient alive at a certain time after entry on 
list and that will never be transplanted compared to a patient 
alive and transplanted at that time? These estimands are dif-
ferent from state-occupation probabilities based on the joint 
distribution between survival time and treatment administra-
tion provided by multistate models.

OBJECTIVES

The aim of the work is to adapt and apply non-parametric 
methods to estimate and compare the survival of patients on 
the waiting list vs after being transplanted in a setting where 

the underlying process in non-markovian. We propose an es-
timator of survival curves and a log-rank-type test.

METHODS

We show the importance of checking the validity of the 
Markov assumption in order to select the most appropriate 
time scale (clock-forward or clock-reset) guiding the mortality 
after transplant and to assess the role of the waiting time. We 
propose a non-parametric method to estimate survival in the 
presence of a time-dependent intervention, accounting for the 
impact of waiting time and a modification of the Mantel-Byar 
test suitable for semi-Markov and extended semi- Markov 
scenarios. All these procedures are based on the adoption 
of the “clock-reset” scale that allows the hazard of death for 
treated patients to depend on time since treatment adminis-
tration.

Using theoretical arguments and simulations we show the 
validity of the proposed methods.

RESULTS

We considered 9 simulation scenarios combining three 
type of effects for treatment and waiting time (no effect, con-
stant effect, time-varying effect). In all scenarios we obtained 
negligible bias of survival estimate and good coverage of 
the confidence interval. Regarding the test, in all scenarios 
under the null hypothesis (no effect of treatment) the fraction 
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of false rejections was close to the nominal level, while for 
scenarios under the alternative hypothesis (protective effect 
of treatment) the power of our test was higher than that of the 
Mantel-Byar test.

Finally, we analyzed data from a real cohort of nearly 
1000 patients affected by severe cardiomyopathy included 
in a waiting list for heart transplant but with low priority where 
mortality rate after transplant tends to increase along with a 
longer waiting time to transplant.

CONCLUSIONS

We show an original approach for survival estimation 
and testing in the presence of a time-dependent treatment 
accounting for the waiting time until treatment switch in a 
non-markovian process.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic relapsing 
condition associated with substantial psychological burden, 
including elevated anxiety, depression, and perceived stress. 
Psychological distress is consistently linked to poorer quality 
of life (QoL), yet the mechanisms underlying this relationship 
remain incompletely understood. In particular, whether dis-
tress affects QoL directly or indirectly through disease symp-
tomatology is still debated. Most mediation studies assume a 
single temporal ordering, although alternative specifications 
are often equally plausible. This study compares temporal 
mediation models to evaluate how temporal assumptions in-
fluence conclusions on this relationship in IBD.

OBJECTIVES

To investigate the mediating role of disease symptoma-
tology in the association between psychological distress and 
QoL in patients with IBD, comparing alternative temporal 
mediation models and evaluating the robustness of findings 
under different missing-data imputation strategies.

METHODS

A longitudinal cohort of 102 patients with IBD was as-
sessed at baseline (T0) and four-month follow-up (T1). Psy-
chological distress was measured with the Depression Anxiety 
Stress Scale-21 (DASS-21), disease symptomatology with the 
patient-reported IBD-Control symptom score, and QoL with 

the EQ-5D-5L. Baron and Kenny’s mediation framework was 
applied to three alternative specifications: (1) a fully cross-sec-
tional model, all variables at T0; (2) a fully prospective mod-
el, distress at T0 and symptomatology/QoL at T1; and (3) a 
partially prospective model, distress and symptomatology at 
T0 and QoL at T1. Mediation paths (a, b, c, c’) were estimat-
ed for each specification. About 20% of follow-up observa-
tions were missing; missing data were handled via predictive 
mean matching and missForest multiple imputation. As both 
approaches produced comparable estimates, missForest was 
retained for the final analyses due to its lower computational 
burden.

RESULTS

The fully cross-sectional model supported partial media-
tion of IBD symptoms on the relation distress-quality of life: 
path a) distress is significantly correlated with IBD symptoms 
(mediator) ; path b) IBD symptom significantly correlated with 
QoL, while path c’) a direct effect of distress on QoL remained 
after accounting for the mediator. The fully prospective spec-
ification also identified significant indirect pathways; how-
ever, the direct effect of distress on QoL reversed direction, 
suggesting an unstable mediation structure under this tempo-
ral assumption. In contrast, the partially prospective model, 
linking baseline distress and symptomatology with follow-up 
QoL, showed significant effects for all mediation paths in the 
expected direction, providing the most coherent evidence 
for partial mediation. Results were highly consistent between 
complete-case and imputed datasets, indicating robustness to 
the handling of missing follow-up data.
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CONCLUSIONS

Among the temporal specifications examined, the model 
linking baseline distress to concurrent symptomatology and 
subsequent QoL at four-month follow-up provided the most 
coherent mediation pattern. These findings suggest that psy-
chological distress rapidly influences patients’ perceived 
symptom burden, which subsequently contributes to poorer 
QoL over time, while a direct effect of distress on QoL also 
persists. More broadly, this study shows that mediation re-
sults may depend substantially on the temporal specification 
adopted. Explicitly comparing plausible temporal models 
should be considered good practice when applying the Bar-
on and Kenny framework to longitudinal observational data, 
improving the robustness and interpretability of mediation 
analyses beyond the specific clinical context of IBD.
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INTRODUCTION

Facioscapulohumeral muscular dystrophy (FSHD) is one 
of the most common muscular dystrophies and is usually asso-
ciated with reduction of the D4Z4 repeat array on the 4q sub-
telomere (DRA). Because FSHD is hereditary, risk prediction is 
central to genetic counselling. However, prediction of disease 
occurrence and age at onset remains challenging mainly be-
cause of the retrospective nature of symptom onset reporting. 
Age at first symptom onset is often patient-reported and may 
be affected by recall error, rounding or heaping at preferred 
ages. Treating such reports as exact event times may bias risk 
estimation.

OBJECTIVES

We developed an accelerated failure-time survival model 
to estimate the probability of FSHD onset and the expected 
age at disease onset in newborns of DRA-carriers, using only 
information from parents and accounting for censoring, famil-
ial clustering and uncertainty in reported onset age.

METHODS

This study used the genetic, clinical, and sociodemograph-
ic data from the Italian National Registry for FSHD. Clinical 
information included symptom presence and severity, and 
standardized phenotype descriptions obtained through the 
Comprehensive Clinical Evaluation Form. Eligible families in-
cluded at least one child, one DRA-carrier parent, and, when 
available, additional relatives. 

The model developed was a Bayesian hierarchical ac-
celerated failure-time survival model with an observation 

model for patient-reported onset age. The outcome was the 
unobserved age at first patient-reported FSHD symptom onset 
and was modelled through a Weibull distribution. A 3 lev-
els hierarchical structure was introduced to model the corre-
lation structure among subjects sharing the same family and 
the same parents. Weakly informative priors were used for 
all parameters involved. For affected individuals, the referred 
age at onset was treated as an error-prone report of the latent 
event time: non-rounded integer ages were assigned narrow 
Student-t reporting error distributions, whereas ages ending 
with 5 or 0 were assigned progressively wider error distribu-
tions to account for potential age heaping. In addition, clini-
cally meaningful developmental codes (such as age 6 used to 
denote childhood onset) were modelled as interval-censored 
observations. Unaffected genetically at-risk individuals were 
considered censored at their last assessment age.

Predictive performance measures were computed using 
10-fold family-level cross-validation, holding out entire family 
clusters to evaluate generalization to unseen families.

RESULTS

Overall, 355 children of FSHD-affected subjects from 205 
families were analysed. Across the analysed age ranges, the 
model showed moderate to good discrimination. Family-level 
cross-validation time-dependent Area under the ROC curve 
(AUC) exhibited values ranging from approximately 0.70 to 
0.80, with mean equal to 0.75. Overall, the model achieved 
a mean balanced accuracy equal to 0.69, but its performanc-
es were highly dependent on parents’ characteristics, result-
ing in better results when analysing classical FSHD phenotype 
parents, and poorer results when applied to complex pheno-
type cases.
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CONCLUSIONS

We developed a Bayesian model for analysing a pa-
tient-reported time-to-event outcome in FSHD. It was de-
signed to account for the uncertainty surrounding the age 
at onset, that is a clinically important information but usually 
collected with imprecision. This method may represent also a 
useful tool to support clinicians during genetic counselling.
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BACKGROUND

Parkinson’s Disease (PD) is a progressive neurodegener-
ative disorder characterized by nigrostriatal dopaminergic 
neuronal degeneration and α-synuclein aggregation. Motor 
symptoms emerge after substantial neurodegeneration, making 
early diagnosis challenging. A prodromal phase, character-
ized by non-motor manifestations such as REM sleep behav-
iour disorder and hyposmia, may precede clinical diagnosis by 
several years. Cerebrospinal fluid biomarkers and dopamine 
transporter imaging have shown potential for early risk iden-
tification, supporting the application of machine learning (ML) 
approaches to PD diagnosis and risk stratification.

OBJECTIVES

This study aimed to provide a transparent, reproducible 
and leakage-safe benchmark of supervised ML models for 
PD classification using clinical and biomarker data, and to 
identify the most informative features for discriminating PD 
patients from healthy controls (HC) through convergent fea-
ture ranking across multiple selection approaches.

METHODS 

Data from 58 participants (40 PD, 18 HC) were analysed 
by integrating demographic, clinical, and biomarker variables, 

including dichotomous biomarker-status indicators, core neuro-
degeneration markers (bNfL, bGFAP, bpTau217, bN42, bN33, 
NSE), vascular/endothelial/hemostasis markers (U-PAR, 
VEGFA, ICAM-2, VCAM-1, VWF, T-PA, P-selectin, PECAM-1, 
E-selectin, SELPLG), immune/inflammatory markers and spec-
troscopy-derived metabolites (NAA, Cho, Glu, Ins) measured 
in the substantia nigra and globus pallidus bilaterally. Leak-
age-safe preprocessing comprised feature selection and stand-
ardization, with balanced class weighting applied where sup-
ported. Eight supervised ML classifiers were evaluated: Logistic 
Regression, Linear and Radial Basis Function Support Vector 
Machines (SVM), Random Forest, Gradient Boosting, k-Near-
est Neighbours, Decision Tree, and Multi-Layer Perceptron. 
Hyperparameters were optimized through grid-search with 
stratified ten-fold cross-validation, using balanced accuracy as 
the primary optimization criterion and receiver operating char-
acteristic area under the curve (ROC-AUC) as a secondary 
metric. Analyses were repeated across eight biomarker subsets. 
Model interpretability was investigated using SHapley Additive 
exPlanations (SHAP), while feature relevance was quantified 
through convergent ranking across ANOVA F-test, Mutual In-
formation, Random Forest importance, LASSO coefficients, and 
principal component analysis (PCA) weighted loadings. 

RESULTS

Linear SVM achieved the highest cross-validation bal-
anced accuracy (0.86 ± 0.19) and was selected as the 
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best-performing model. On the independent test set, it 
achieved a ROC-AUC of 0.88 and a balanced accuracy of 
0.79, with F1-scores of 0.71 for HC and 0.82 for PD. SHAP 
analysis identified MoCA as the most influential predictor. 
Convergent feature ranking identified IOIT as the dominant 
predictor in the full-feature set, while MoCA ranked first af-
ter excluding dichotomous biomarkers, followed by MMSE 
and bNfL. Within biomarker domains, bNfL emerged as 
the leading neurodegeneration biomarker; U-PAR, VEGFA, 
and ICAM-2 as the most relevant vascular markers, IL2-RA, 
TNF-R1, IL17RA, and TNFSF13B as the leading immune mark-
ers and GP-DX-Glu and SN-DX-Ins as the top spectroscopy 
derived features. PCA loadings diverged from supervised 
rankings, indicating limited overlap with discriminative rele-
vance.

CONCLUSIONS

Leakage-safe ML pipelines were promising for distin-
guishing PD patients from HC using multimodal clinical and 
biomarker data. Although limited by the small sample size, 
this transparent and reproducible framework supports the use 
of parsimonious feature sets, with MoCA emerging as a ro-
bust predictor. SHAP-based interpretability further enhanced 
model transparency and the identification of clinically mean-
ingful markers.



183

INTRODUCTION

Functional data analysis treats time-indexed observations 
as curves rather than isolated measurements, allowing clas-
sification models to exploit signal level, local velocity and 
curvature. Random Forests provide accurate non-parametric 
classifiers for complex predictors. When functional trajec-
tories are augmented with first and second derivatives and 
summarized through functional principal component scores, 
the resulting predictors may be highly correlated. In this set-
ting, standard variable-importance measures may overstate 
the role of components that mainly act as proxies for other 
functional information.

OBJECTIVES

This study proposes a bias-adjusted extension of Augment-
ed Functional Random Forests for interpretable classification of 
functional trajectories. The aim is not only to combine the origi-
nal curve, its first derivative and its second derivative within an 
ensemble classifier, but also to obtain importance measures 
that are less affected by redundancy among functional compo-
nents. The central methodological contribution is a condition-
al randomization scheme for augmented functional principal 
components, combined with a stability criterion for identifying 
components that are both informative and robust.

METHODS

Observed trajectories are smoothed into continuous func-
tions and augmented through successive derivatives. A sep-

arate Functional Principal Component Analysis is performed 
for each functional block, namely the original function, the 
first derivative and the second derivative. The resulting scores 
are used as predictors in an augmented Random Forest. Be-
cause components extracted from different blocks may de-
scribe related aspects of the same dynamic process, variable 
importance is assessed through Conditional Permutation Im-
portance rather than marginal permutation alone. The ran-
domization of each component is performed conditionally 
on correlated components belonging to the same functional 
rank, following the logic of conditional variable importance 
for Random Forests. The conditional loss in predictive accu-
racy is interpreted as the component-specific contribution not 
already explained by alternative functional representations. 
This measure is then combined with a Conditional Importance 
Stability Index based on repeated refitting of the forest.

RESULTS

The proposed approach separates marginal relevance 
from conditional relevance in augmented functional compo-
nents. Components that appear important under ordinary per-
mutation may lose relevance after conditioning, suggesting 
an inflation effect due to functional redundancy. Conversely, 
components that preserve high conditional importance and 
stable behaviour across refitted forests provide stronger evi-
dence of a genuine predictive role. The resulting rankings are 
more selective, less driven by proxy effects and more coherent 
with the dynamic interpretation of the trajectories. This distinc-
tion is especially relevant in biomedical applications, where 
signal level, velocity and curvature may contain overlapping 
but non-equivalent information.
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CONCLUSIONS

Bias-adjusted Augmented Functional Random Forests 
preserve the predictive flexibility of ensemble learning while 
improving the interpretability of functional classification. 
Conditional randomization reduces the risk of attributing 
importance to redundant components, whereas the stability 
index favours predictors whose contribution is robust across 
repeated model fits. The framework therefore links classifica-
tion accuracy with a more controlled assessment of variable 
relevance, supporting a clearer interpretation of the dynamic 
information contained in functional trajectories.
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INTRODUCTION

Contaminated Sites of National interest (SINs) represent 
highly complex settings in which environmental, demographic, 
socioeconomic, and productive factors interact, influencing the 
health status of resident populations. In these areas, consistently 
with the One Health paradigm, health results from the interac-
tion among determinants belonging to different and closely 
interconnected domains. Given this complexity, studying the 
health status of populations living in SINs requires multidimen-
sional analytical approaches capable of integrating heteroge-
neous information and capturing the systemic nature of these 
territories. Consequently, there is a need to adopt statistical 
methodologies able to simultaneously represent the multiple 
dimensions characterizing these contexts, overcoming the lim-
itations of analyses based on single indicators, which describe 
only isolated aspects of the phenomenon under study.

OBJECTIVES

This study proposes a methodological framework for the 
multidimensional characterization of SINs, based on the con-
struction of composite indexes capable of integrating both the 
spatial component of the data and the multiple dimensions 
characterizing these contexts. The aim is to identify the main 
latent dimensions of the territory and assess their association 
with all-cause and cause-specific mortality, providing useful 
tools for epidemiological surveillance and public health de-
cision-making.

METHODS

The approach is applied to the Sulcis-Iglesiente-Gus-
pinese and Porto Torres SINs in Sardinia, using municipalities 
as the territorial unit of analysis. A set of indicators derived 
from institutional data sources describes demographic char-
acteristics, environmental pressure, level of industrialization, 
socioeconomic vulnerability, and land use. Statistical techincs 
are employed to reduce the dimensionality of the dataset and 
construct composite indicators representing the main latent ter-
ritorial dimensions. These synthetic indexes are subsequently 
incorporated into regression models to investigate their asso-
ciation with all-cause mortality and specific causes of death. 
The analyses are further complemented by spatial statistical 
techniques aimed at evaluating the geographical distribution 
of territorial components and the role of spatial dependence 
in interpreting relationships between territory and health.

RESULTS

The proposed approach makes it possible to reduce and 
summarize a large number of variables into a limited set of 
composite indicators capable of representing the main struc-
tural characteristics of the territories, while reducing problems 
related to information redundancy and multicollinearity. The 
integration of regression models and spatial analysis tech-
niques provides deeper insight into the role of different terri-
torial dimensions in the distribution of mortality and highlights 
potential geographical patterns of epidemiological interest.
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CONCLUSIONS

The proposed framework integrates dimensionality reduc-
tion methods, spatial analysis, and environmental epidemiol-
ogy into a unified approach for studying territorial determi-
nants of health. The methodology is flexible and replicable in 
other contexts characterized by high environmental complex-
ity, contributing to the development of tools that support ep-
idemiological surveillance and the planning of public health 
interventions according to the One Health paradigm.
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INTRODUCTION

Italy, as a country of origin of the Mediterranean dietary 
tradition, embodies a culturally entrenched temporal meal 
structure that is chrono-nutritionally coherent but increasing-
ly threatened by modern lifestyle pressures. Standard two-
way statistical methods such as principal component analysis 
(PCA) cannot simultaneously model the three-dimensional 
structure of the dietary survey data (individuals, nutrients, and 
time) motivating the use of three-way component analysis.

OBJECTIVES

To apply Tucker3 tensor decomposition to the Fourth 
Italian National Food Consumption Survey (IV SCAI 2017-
2020) to identify latent chrono-nutritional archetypes and 
characterise their demographic and lifestyle determinants.

METHODS

The IV SCAI surveyed 1,969 participant aged 3 months 
to 74 years using two non-consecutive 24-hour dietary re-
calls. Adults aged 18 and above were retained (N = 915). 
Four energy-yielding macronutrients (alcohol, carbohydrates, 
fat, protein) were considered. Three-way array (915 x 4 x 6 
time slots) was constructed for each data representation. The 
Convex Hull heuristic selected model of dimension (2,2,4) for 
kcal (fit: 84.14%). Subject-mode scores were profiled against 
eleven demographic and lifestyle variables using correlation, 
ANOVA, t-test, and multiple regression (N = 877 with com-
plete lifestyle data).

RESULTS

Variance partitioning of the kcal data attributed 3.65% 
of variance to SS_a (individuals – Mode A), 17.02% to 
SS_b (macronutrient – Mode B), 29.15% to SS_c (timeslot- 
Mode C), 3.69% to SS_ab (individual-nutrient interaction), 
18.83% to SS_ac (individual-time interaction), 10.62% to 
SS_bc (nutrient-time interaction), and 16.67% to SS_abc (in-
dividual-nutrient-time interaction). The timeslot, nutrient and 
the individual-time interaction were the dominant variance 
sources, followed by the three-way interaction, confirming 
individual-nutrient-time heterogeneity and justifying the use of 
Tucker3. The rotated individuals (A) mode had two compo-
nents: A2, captures the population average pattern, and A1, 
captures the individual deviation from the baseline pattern. 
The rotated macronutrient (B) had also two: B1, contrasting 
fat (0.61) and protein (0.24) against carbohydrate (-0.73), 
and B2, capturing an average sustained carbohydrate and 
fat intake (0.68 and 0.67 respectively). The rotated temporal 
(C) mode had four components: C1, late-night snacking (h6 
= 0.96); C2, both lunch and dinner eating (h3 = 0.67, h5 = 
0.69); C3, morning eating (h1 = 0.78, h2 = 0.48); and C4, a 
contrast between lunch (h3 = 0.71) and dinner (h5 = −0.69). 
The dominant core interaction, A2 × B2 × C2 = 20,222.76, 
described the variation from average individual pattern of 
carbohydrate-fat intake concentrated at lunch and dinner. 
A carbohydrate-dominant, fat-depleted morning meal was 
captured by A2 × B1 × C3 = −1,956.53. The A1 subject com-
ponent identified individuals who concentrate their caloric 
intake disproportionately at lunch (A1 × B2 × C4 = 6,119.29; 
A1 × B1 × C4 = 1,350.24). Demographic profiling indicated 
that the A1 pattern was significantly associated with South-
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ern Italian residence (p = 0.006) and employment status (p 
= 0.027 for retirement), while body mass index showed no 
association.

CONCLUSION

Tucker3 three-way component analysis effectively de-
composed the chrono-nutritional structure of the Italian adult 
diet into interpretable individual, macronutrient, and tempo-
ral components, showing that a large energy intake variation 
is attributable to time, nutrient main effects as well as their 
three way interactions. These findings support the applica-
tion of Tucker3 analysis as a methodological approach for 
chrono-nutritional research.



189

INTRODUCTION

The evaluation of clinical evidence continues to rely pre-
dominantly on measures of statistical significance and relative 
effect size. Although indispensable, these metrics alone may 
not adequately characterize evidence quality, particularly 
with respect to follow-up integrity, clinical relevance, predictive 
performance, and vulnerability to bias. As regulatory and clin-
ical decision-making increasingly incorporates evidence from 
both randomized and real-world studies, complementary ap-
proaches for assessing the robustness of findings are needed.

OBJECTIVES

To present a four-domain audit framework for the multidi-
mensional validation of clinical evidence and to demonstrate 
its application in a proof-of-concept survival dataset.

METHODS

The proposed framework comprises four sequential do-
mains of evaluation: (1) Follow-up Integrity, assessed through 
inverse Kaplan–Meier analysis to identify informative censor-
ing and differential attrition; (2) Clinical Relevance, evaluat-
ed using Restricted Mean Survival Time (RMST) to quantify 
benefit in clinically interpretable time units; (3) Predictive Ro-
bustness, assessed through discrimination (Harrell’s C-index), 
calibration analysis, and bootstrap-based optimism correc-
tion; and (4) Inferential Resilience, evaluated using E-value 
methodology to estimate the susceptibility of observed find-
ings to unmeasured influences arising during study conduct 
and follow-up. These domains were selected to represent 
complementary dimensions of evidence quality: data in-
tegrity, clinical relevance, predictive validity, and inferential 

robustness. The framework was applied to the Mayo Clinic 
Primary Biliary Cirrhosis (PBC) dataset as a proof of concept.

RESULTS

Follow-up integrity was preserved, with no evidence 
of differential censoring between groups (inverse Kaplan–
Meier log-rank p=0.54). However, subsequent analyses 
identified important limitations. RMST analysis showed a be-
tween-group difference of 51.98 days (95% CI −341.87 to 
445.84; p=0.796), indicating limited clinical relevance. Pre-
dictive performance was modest, with an optimism-corrected 
C-index of 0.639 and a calibration slope of 0.933. Finally, 
the E-value was 1.98, indicating that relatively modest un-
measured influences arising during follow-up could potential-
ly account for the observed association. Overall, findings that 
appeared methodologically acceptable under conventional 
statistical assessment did not consistently satisfy all dimensions 
of the proposed validation framework.

CONCLUSIONS

The proposed audit framework provides a structured 
approach for integrating assessments of follow-up integrity, 
clinical relevance, predictive performance, and inferential 
resilience within a unified methodological framework. In this 
proof-of-concept application, preserved data integrity coex-
isted with limited clinical benefit, modest predictive robust-
ness, and vulnerability to follow-up-related biases. By making 
these dimensions explicit and reproducible, the framework 
may complement conventional statistical evaluation in evi-
dence appraisal, peer review, and regulatory assessment. 
Further validation across randomized and real-world datasets 
is warranted.
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INTRODUCTION

Cancer pain is a complex, multidimensional syndrome 
affecting approximately 55% of patients with cancer, de-
pending on tumor stage and treatment, and is associated with 
poorer clinical outcomes and reduced quality of life. Pain as-
sessment and management become particularly challenging 
when patients experience transient exacerbations of pain de-
spite otherwise controlled baseline pain with opioid therapy, 
a condition known as breakthrough cancer pain (BTcP), which 
affects up to 70% of patients with chronic cancer pain. Ar-
tificial intelligence (AI) and advanced statistical approaches 
offer new opportunities to investigate the complex relation-
ships among clinical variables contributing to BTcP. The Ruggi 
Study (ClinicalTrials.gov: NCT07038434) is a single-center, 
non-profit, observational-interventional study designed to 
characterize chronic pain through multimodal AI-based as-
sessments in adult oncologic and non-oncologic patients.

OBJECTIVES

This preliminary analysis aimed to investigate the causal 
relationship between opioid therapy and BTcP, evaluating the 
mediating role of chronic pain phenotype in a subcohort of 
99 cancer patients assessed at their first follow-up visit.

METHODS

A Bayesian network was constructed including age, 
smoking status, body surface area (BSA), comorbidities, car-
diovascular therapy, cancer severity (presence of metastases 
or bone metastases), ongoing anticancer treatment at enroll-
ment, time from diagnosis, treatment duration, opioid therapy, 

chronic pain phenotype, BTcP, and quality of life assessed by 
the Brief Pain Inventory (BPI, item 9g). The network structure 
was learned using the Bayesian Information Criterion, allow-
ing the identification of statistical dependencies among vari-
ables. Missing data were preliminarily assessed using Little’s 
test and subsequently imputed through a model-based ap-
proach.

RESULTS

Overall, 22% of the dataset contained missing values. Lit-
tle’s test excluded a missing-not-at-random mechanism (p = 
0.14), supporting the imputation strategy, which mainly affect-
ed variables related to cancer therapies. The median patient 
age was 65 years, with a median BSA of 1.4 m²; approxi-
mately 98% had a sex-adjusted normal BSA. Most patients 
had comorbidities, 66% had a time from diagnosis exceeding 
12 months, 17% presented with bone metastases, and 39% 
were receiving opioid therapy. Neuropathic pain was the 
most frequent chronic pain phenotype (>60%), while eight 
patients experienced BTcP. Twenty-six patients reported im-
paired quality of life (BPI item 9g >4). The Bayesian network 
did not identify a direct causal relationship between opioid 
therapy and BTcP. Instead, chronic pain phenotype emerged 
as a mediator: patients with nociceptive pain receiving opi-
oids showed a higher probability of developing BTcP than 
those with neuropathic or mixed pain (25% vs 19%).

CONCLUSIONS

These preliminary findings suggest that the association be-
tween opioid therapy and BTcP is influenced by the underly-
ing chronic pain phenotype rather than representing a direct 
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causal relationship. Bayesian network analysis provides a 
valuable framework for disentangling complex clinical inter-
actions and identifying patient subgroups at increased risk of 
BTcP, potentially supporting more personalized pain manage-
ment strategies. Larger prospective studies are warranted to 
validate these findings and assess their clinical applicability.
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