Supplementary materials

Sensitivity Analysis: Alternative Missing Data Strategies 
To assess the impact of the chosen missing data strategy on model performance, two alternative approaches were evaluated against the baseline strategy ("missing" as explicit category) for the neurological examination variables:
Option C — native NaN handling: Neurological variables were converted to a numeric ternary scale (True = 1, False = 0, missing = NaN), and removed from the categorical feature list. CatBoost internally separates NaN values at each tree split, using an optimized criterion to assign them to either the left or right branch.
Option A — explicit missingness flag: A binary indicator variable (neurex_eseguito: 1 = examination performed, 0 = not performed) was added to the baseline feature set, while retaining "missing" as a category in the original neurological variables. This approach explicitly encodes the block-missing structure identified in the data.
All three models were optimized independently using Optuna Bayesian hyperparameter search (15 trials, 3-fold stratified cross-validation, macro F1-score as objective) and evaluated on the same held-out test set (n=187, 20% stratified split, random_state=42). All results are reported in the following Tables.

	Metrics
	Baseline
	Opz. C
	Opz. A

	F1 macro (test)
	0.631
	0.560
	0.580

	F1 weighted (test)
	0.726
	0.693
	0.702

	F1 macro (CV Optuna)
	0.496
	0.508
	0.489



	Class
	Baseline
	Opz. C
	Opz. A

	AD
	0.806
	0.804
	0.800

	DLB
	0.667
	0.615
	0.679

	PPA
	0.629
	0.500
	0.514

	VaD
	0.400
	0.267
	0.308

	bvFTD
	0.654
	0.612
	0.600




Hyperparameter optimization
Table reports the hyperparameters included in the search, their prior distributions, and the optimal values identified by Optuna. Fixed hyperparameters (iterations, auto_class_weights, early_stopping_rounds) were set a priori based on standard practices for gradient boosting on small clinical datasets and were not included in the search space.
Learning_rate (log-uniform prior) controls the contribution of each tree to the ensemble. A log-uniform prior was used to explore the full order-of-magnitude range [0.001, 0.1] without over-concentrating samples near the boundaries.
Depth controls the maximum depth of each symmetric (oblivious) decision tree. Deeper trees increase model complexity and risk of overfitting; the search range [4, 8] reflects a conservative prior for datasets of this size.
L2_leaf_reg is the L2 regularization coefficient applied to leaf values, penalizing large weights and reducing overfitting.
Random_strength controls the amount of randomness added to the score of candidate splits during tree construction, acting as a stochastic regularizer. The log-uniform prior allows exploration of both near-deterministic ([~0]) and strongly randomized ([10]) regimes.
Bagging_temperature governs the intensity of Bayesian bootstrap sampling of training samples at each iteration (0 = no bagging, 1 = standard Bayesian bootstrap). Values in [0, 1] were explored.

Hyperparameter search space, prior distributions, and optimal values identified by Optuna TPE optimization (15 trials, 3-fold stratified CV).
	Hyperparameter
	Search space
	Distribution
	Optimal value

	learning_rate
	[0.001, 0.1]
	Log-uniform
	0.043

	depth
	[4, 8]
	Uniform integer
	5

	l2_leaf_reg
	[1.0, 10.0]
	Uniform
	5.546

	random_strength
	[1×10⁻⁸, 10.0]
	Log-uniform
	0.551

	bagging_temperature
	[0.0, 1.0]
	Uniform
	0.623

	iterations
	1000 (fixed)
	—
	1000

	auto_class_weights
	'Balanced' (fixed)
	—
	Balanced

	early_stopping_rounds
	50 (fixed)
	—
	50




Table 1.
	Variable group
	Data Type
	Symptom

	Symptom order onset (24)
	Categorial [0-7]
	Anxiety
Attention
BSApathy
Bradykinesia
ChangeHabits
Cognitive Fluctuations
Compulsive behavior
Delusions
DepressiveSymptoms
Diminuished social interest
Dysexecutive
Dyshinibition
HallucinationsAuditory
HallucinationsVisual
Irritability
Language
Loss of empathy
Memory
OtherCognitiveSymptoms
Psychosis
RDB
Stereotypies
Tremor
Visuospatial

	Neurological Exam (11)
	Categorical [True/False/missing]
	Gait_Parkinsonian 
MentalStatus_Agnosia 
MentalStatus_Anosognosia 
MentalStatus_Apraxia 
MentalStatus_Attention 
MentalStatus_Behaviour 
MentalStatus_Language 
MentalStatus_Memory 
MentalStatus_Mood 
MentalStatus_Orientation 
MentalStatus_Psychosis

	Demographic / categorical (3)
	-
	Sex
First Symptom
Last Symptom

	Continuous (5)
	Continuous values
	Age at diagnosis
Education
Number of symptoms
first_symptom_order
last_symptom_order



Table 2.
	
	Alzheimer's Disease
	Dementia with Lewy Bodies
	Primary Progressive Aphasia
	Vascular Dementia
	bvFrontotemporal Dementia

	1
	First symptom
(0.1914)
	Language onset 
(0.3277)
	Language onset 
(0.5891)
	Age at diagnosis 
(0.3725)
	Age at diagnosis 
(0.3199)

	2
	Memory onset 
(0.1902)
	Visual halluc. onset 
(0.2483)
	Age at diagnosis 
(0.2615)
	First symptom 
(0.2120)
	First symptom 
(0.2832)

	3
	Sex 
(0.1765)
	Age at diagnosis 
(0.2363)
	NeurEx: Language 
(0.2349)
	N° symptoms 
(0.1422)
	NeurEx: Behaviour 
(0.2602)

	4
	Language onset 
(0.1268)
	Symp_BradykinesiaOnset 
(0.1771)
	NeurEx: Behaviour 
(0.2311)
	Education 
(0.1275)
	Memory onset 
(0.2316)

	5
	NeurEx: Language (0.1216)
	NeurEx: Behaviour 
(0.1635)
	First symptom 
(0.2025)
	Last symptom 
(0.1162)
	Symp_ChangeHabitsOnset (0.1797)

	6
	Symp_BradykinesiaOnset (0.1171)
	N° symptoms 
(0.1505)
	Sex 
(0.1588)
	Memory onset 
(0.1137)
	Symp_IrritabilityOnset (0.1549)

	7
	NeurEx: Behaviour (0.0991)
	First symptom 
(0.1243)
	Last symptom 
(0.1091)
	NeurEx: Behaviour 
(0.0956)
	Last symptom 
(0.1224)

	8
	Visual halluc. onset (0.0949)
	Parkinsonian gait 
(0.1168)
	Memory onset 
(0.1015)
	Symp_BradykinesiaOnset 
(0.0944)
	Language onset
(0.1017)

	9
	Last symptom 
(0.0898)
	Education
(0.1054)
	Education
(0.0716)
	Symp_BSApathyOnset 
(0.0924)
	NeurEx: Memory 
(0.0818)

	10
	Age at diagnosis 
(0.0866)
	Last symptom 
(0.0997)
	NeurEx: Orientation 
(0.0597)
	Symp_ChangeHabitsOnset 
(0.0897)
	Symp_BSApathyOnset (0.0790)




Prototype Clinical Decision Support Tool
https://diagnosi-demenza-3tnxczx7jozzvsb9wvjbgd.streamlit.app/ 
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Barre a destra: sintomi che hanno confermato la diagnosi. Barre a sinistra: sintomi che I'hanno indebolita.




