JMIR MEDICAL INFORMATICS Shinetd

Original Paper

Prompting and Fine-Tuning Large Language Models for Parkinson
Disease Diagnosis: Comparative Evaluation Study Using the PPMI
Structured Dataset

Hyun-Ji Shin*2, MSc; Young Jin Jeong™*3, MD, PhD; Sungmin Jun®**, MD, PhD; Do-Young Kang"**, MD, PhD

1Department of Data Sciences Convergence, Graduate School, Dong-A University, Busan, Republic of Korea
2Institute of Convergence Bio-Health, Dong-A University, Busan, Republic of Korea

3Department of Nuclear Medicine, College of Medicine, Dong-A University, Busan, Republic of Korea
4Department of Nuclear Medicine, Dong-A University Hospital, Busan, Republic of Korea

Corresponding Author:
Do-Young Kang, MD, PhD
Department of Nuclear Medicine
College of Medicine

Dong-A University

26, Daesingongwon-ro, Seo-gu
Busan, 49201

Republic of Korea

Phone: 82 51 240 5630

Email: dykang@dau.ac.kr

Abstract

Background: Parkinson disease (PD) presents diagnostic challenges dueto its heterogeneous motor and nonmotor manifestations.
Traditional machine learning (ML) approaches have been evaluated on structured clinical variables. However, the diagnostic
utility of large language models (LLMs) using natural language representations of structured clinical dataremains underexplored.

Objective: This study aimed to evaluate the diagnostic classification performance of multiple LLMs using natural language
prompts derived from structured clinical data and to compare their performance with traditional ML baselines.

Methods: We reformatted structured clinical variables from the Parkinson's Progression Markers Initiative (PPMI) dataset into
natural language prompts and used them as inputs for several LLMs. Variables with high multicollinearity were removed, and
the top 10 features were selected using Shapley additive explanations (SHAP)—based feature ranking. LLM performance was
examined across few-shot prompting, dual-output prompting that additionally generated post hoc explanatory text as an exploratory
component, and supervised fine-tuning. Logistic regression (LR) and support vector machine (SVM) classifiers served as ML
baselines. Model performance was evaluated using F;-scores on both the test set and a temporally independent validation set
(temporal validation set) of limited size, and repeated output generation was carried out to assess stability.

Results:  On the test set of 122 participants, LR and SVM trained on the 10 SHAP-selected clinical variables each achieved a
macro-averaged F;-score of 0.960 (accuracy 0.975). LLMs receiving natural language prompts derived from the same variables
reached comparabl e performance, with the best few-shot configurations achieving macro-averaged F,-scores of 0.987 (accuracy
0.992). In the temporal validation set of 31 participants, LR maintained a macro-averaged F;-score of 0.903, whereas SVM
showed substantial performance degradation. In contrast, multiple LLMs sustained high diagnostic performance, reaching
macro-averaged F;-scores up to 0.968 and high recall for PD. Repeated output generation across LLM conditions produced
generaly stable predictions, with rare variability observed across runs. Under dual-output prompting, diagnostic performance
showed areduction relative to few-shot prompting while remaining generally stable. Supervised fine-tuning of lightweight models
improved stability and enabled GPT-40-mini to achieve amacro-averaged F;-score of 0.987 on thetest set, with uniformly correct
predictions observed in the small temporal validation set, which should be interpreted cautiously given the limited sample size
and exploratory nature of the evaluation.

Conclusions: This study provides an exploratory benchmark of how modern LLMs process structured clinical variables in
natural language form. While several model s achieved diagnostic performance comparableto LR across both the test and temporal
validation datasets, their outputs were sensitive to prompting formats, model choice, and class distributions. Occasional variability

https://medinform.jmir.org/2026/1/€77561 JMIR Med Inform 2026 | vol. 14 | €77561 | p. 1
(page number not for citation purposes)


mailto:dykang@dau.ac.kr
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS

Shinet d

across repeated output generations reflected the stochastic nature of LLMs, and lightweight model s required supervised fine-tuning
for stable generalization. These findings highlight the capabilities and limitations of current LLMs in handling tabular clinical
information and underscore the need for cautious application and further investigation.

(JMIR Med Inform 2026;14:e77561) doi: 10.2196/77561
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Introduction

Parkinson disease (PD) is the second most common
neurodegenerative disorder and presents substantial diagnostic
challenges due to the heterogeneity of its motor and nonmotor
symptoms [1-3]. Despite sustained research efforts, early
diagnostic accuracy remains limited, and the variability of
clinica presentations continues to complicate reliable
classification [4,5]. Large-scale initiatives such as the
Parkinson’'s Progression Markers Initiative (PPMI) [6] have
facilitated systematic evaluation of clinical, imaging, and
biomarker variables, providing a foundation for quantitative
approachesto PD diagnosis.

Machine learning (ML) models, including logistic regression
(LR) [7], support vector machines (SVM) [8], and tree-based
classifiers, have demonstrated strong performance when applied
to structured clinical variables [9-11]. However, these models
operate on fixed feature representations and do not naturally
support flexible natural language inputs or generative reasoning,
limiting their applicability when structured clinical data must
be reformatted into descriptive text.

Recent large language models (LLMs) exhibit strong capahilities
in processing natural language information and have shown
promisein clinical applicationsinvolving unstructured text such
asclinical notesand reports[12,13]. LLM-generated rationales
typically represent post hoc explanatory text rather than true
interpretability [14], and prior studies have reported challenges
such as prompt sensitivity, stochastic variability, and
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susceptibility to distributional shiftswhen LLMsare applied to
medical tasks[15]. However, their ability to perform diagnostic
classification when structured clinical variables are reformatted
into natural language prompts remains insufficiently explored,
and recent work evaluating the performance of LLMs on
structured or tabular data has reported limited and inconsistent
results[16]. These characteristics highlight the need for careful
and systematic evaluation when applying LLMs to structured
clinical information.

In this context, the goal of this study was to conduct an
exploratory benchmark of modern LLMs for PD classification
using natural language prompts derived from structured clinical
variables in the PPMI dataset. We compared multiple LLM
families with traditional ML baselines and evaluated their
behavior across few-shot prompting, dual-output prompting,
and supervised fine-tuning. The study aimed to characterize
both the capabilities and the limitations of LLMs in handling
tabular clinical information, rather than demonstrating
superiority over conventional ML approaches.

Methods

Overview

Figure 1illustrates the overall methodological workflow of the
study, detailing the progression from dataset selection and
feature preprocessing to prompt construction, model training,
and evauation. It provides a concise visua summary of the
experimental pipeline described in the Methods section.
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Figure 1. Study design overview illustrating the overall experimental pipeline, including dataset selection, prompting strategies, fine-tuning, and
evaluation procedures. HC: healthy controls, LLM: large language model; MD: markdown; MD+ST: markdown with specia token; ML: machine
learning; PD: Parkinson disease; PPMI: Parkinson’s Progression Markers Initiative; PT: plain text; SHAP: Shapley additive explanations; ST: special

token; VIF: variance inflation factor.
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[Step 3] Modeling Setup: ML and LLM

e M1 M odhel 51(1Et21s o i e

* Models: Logistic Regression and Support Vector Machine
* Confidence Intervals: 1000 bootstrap samples

* Preprocessing

* Duplicate removal (retain most complete timepoint)
* Drop variables with >20 % missing

* Impute remaining missing values: mean (numeric), mode (categorical)

+ Final Samples

* Developmen data set: n=1360 (PD: HC=1063: 297)
— Train=1,238 / Test=122 (complete cases only)
* Temporal Validation: n=31 (PD: HC=15: 16)

* Feature Selection

* VIF filtering, SHAP-based top-10 variables
* Models: Random Forest, XGBoost, LightGBM, CatBoost

¢ LLM Experiments
# Few-shot Prompting

- Models: GPT-40, GPT-40-mini, Gemini 1.5-pro, Gemini 1.5-Flash, Claude 3.5,

LLaMA 3.3 70B, LLaMA 3.1 8B
- Prompt formats: PT, MD, ST, MD+ST
- Shot levels: 0~3, balanced examples

4 Dual-output Prompting

- Models: LLaMA 3.3 70B, GPT-40, Gemini 1.5-pro, Claude 3.5, (Flagship models)
- Output: Binary label (PD or HC) + 3-sentence by post hoc explanatery text (not true model
interpreatability)

# Supervised Fine-tuning
- Models: GPT-40-mini, Gemini 1.5-Flash (Lightweight models)

[Step 2] Prompt Engineering and Few-Shot Configuration (LLM only)

* Prompt Objective

[Step 4] Model Evaluation and Temporal Validation

* Evaluation Metrics

* Binary classification task: Parkinson Disease (PD) vs. Healthy Control (HC)

* Shot Conditions

* PD and HC examples balanced at each level
* 0~3-shot

* Prompt Objective

* Input: Structured clinical features converted into text

* Qutput: Binary label (PD or HC), optionally followed by post hoc explanatory text (not true

model interpreatability) in the dual-output settings

* F1-score, Precision, Recall, Accuracy (ML and LLM)
* Repeated Inference (LLM): Each subject evaluated over 30 independent trials
* Post hoc Explanatory Text Consistency (LLM-Dual-output)

- Cosine similarity of 3-sentencepost hoc explanatory text outputs (n = 30 trials)
- Represents semantic similarity only, no clinical correctness or model interpretability

* Temporal Validation

* Purpose: Assess generalizability to future clinical data

Dataset and Preprocessing

This study used a curated dataset provided by the PPMI,
downloaded on July 29, 2024 (data release: July 3, 2024). The
initial dataset consisted of 4 participant cohorts: individuals
with PD, healthy controls (HC), participants with scans without
evidence of dopaminergic deficit, and prodromal participants.
For this study, only PD and HC participants were included.

Duplicate observations were removed by retaining the most
comprehensive examination timepoint for each participant.
Variables with more than 20% of missingness were excluded.
Missing values in the remaining viables were imputed using
mean imputation for numerical variables and mode imputation
for categorical variables [17]. Participants included in the
held-out test set and in the temporally independent validation
set (temporal validation set) did not contain missing values and
therefore required no imputation. Missing-val ueimputation was
performed only for the training portion of the development
dataset, which consisted of the train and validation subsets.
Imputation statistics (mean and mode) were computed
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exclusively from the training split and subsequently applied to
validation split. This procedure ensured that no information
from the test or temporal validation sets influenced the
preprocessing of thetraining data. After preprocessing, the final
development dataset consisted of 1360 participants (PD, n=1063;
HC, n=297).

A temporal validation set was constructed using the most recent
curated PPM | dataset rel eased on December 11, 2024. To ensure
temporal separation, all data contained in the July 3, 2024,
release were excluded, and only data from participants newly
recruited after this release were included. This temporally
separated dataset was used to assess the generalizability of
model performance to data collected at a later timepoint. In
clinical research, obtaining an external dataset with identical
conditions is often challenging, and temporaly separated
datasets serve as apractical and widely accepted alternative for
external validation [18,19].

Demographic characteristics of both the development and
temporal validation datasets, including age, sex, education, and
race, are summarized in Table 1.
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Characteristic Development set

PDP (n=1063)

HC® (n=297)

Temporal validation set?

PD (n=15) HC (n=16)

Age (years), mean (SD; range) 63.3 (9.7; 30.7-85.3)

62.4 (10.6; 30.4-83.7)

62.7 (10.9; 31.3-73.0)  63.9 (11.3; 30.4-79.4)

Sex, n (%)
Mae 686 (64.5) 195 (65.7) 8 (53.3) 3(18.8)
Female 377 (35.5) 102 (34.3) 7 (46.7) 13 (81.3)

Education (years), mean (SD; range) 16.0 (2.8; 6-20)

Race, n (%)

16.0 (2.7; 8-20)

16.8 (2.0; 11-20) 16.7 (2.0; 12-20)

White 973 (91.5) 272 (91.6) 13(86.7) 16 (100)
Black 30 (2.8) 10 (3.4) 0(0) 0(0)
Asian 21(2) 2(0.7) 1(6.7) 0(0)
Other 39(3.7) 13 (4.9) 1(6.7) 0(0)

#Temporal validation set includes participants newly enrolled after the July 3, 2024, data release (excluded from the development set) and serves as a

temporally separated dataset for external validation.
bPD: Parkinson disease.
CHC: hedlthy controls.

The development dataset was randomly divided into training,
validation, and test subsets following an approximately 7:2:1
ratio. Only complete caseswereincluded in the test set to ensure
reliable evaluation. Feature selection and fine-tuning were

Table 2. Dataset splits and class distribution for diagnostic modeling.

performed exclusively using the training set. The test set was
used solely for final model evaluation and was not involved in
any feature selection or model fitting procedures. Class
distributions for each subset are summarized in Table 2.

Datasets and subsets Total, n PD2 n (%) HCb, n (%)
Development set
Training set 990 771 (77.9) 219 (22.1)
Validation set 248 193 (77.8) 55 (22.2)
Test set 122 99 (81.1) 23(18.9)
Temporal validation set 31 15 (48.4) 16 (51.6)

3pD: Parkinson disease.
bHc: healthy controls.

Feature Selection

Multicollinearity Evaluation

To address multicollinearity, we generated a correl ation matrix
and computed the variance inflation factor for all candidate
variables [20]. Variables with variance inflation factor values
exceeding 10, a commonly accepted threshold for severe
multicollinearity, were removed to prevent unstable coefficients
and improve model reliability [21,22]. A total of 70 variables
remained after this screening step and were used for Shapley
additive explanations (SHAP)—based feature selection.

SHAP-Based Feature | mportance

Feature importance was evaluated using a weighted average of
SHAP values obtained from 4 tree-based models, including
random forest [23], XGBoost [24], LightGBM [25], and
CatBoost [26]. These models were selected because they are
widely used for their tabular data and are known to mitigate
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issues related to multicollinearity while accommodating
mixtures of numerical and categorical features effectively [27].

For each model, SHAP values were computed for all remaining
variables, normalized, and then combined using a weighted
averaging approach based on the diagnostic performance of
each model. The performance metricsand assigned weightsare
summarized in Multimedia Appendix 1.

The weighted average SHAP value for each feature was
calculated as[28]:

n
Wi,
b =~

j , .
=1 Wi
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where:

+ ¢ represents the SHAP value of feature j computed by
model i

« w; represents the performance-based weight assigned to
model i

the denominator Zi=1%: ensuresthat wei ghtsarenormalized
sothey sumto 1.

The top 10 variables were selected based on these weighted
average SHAP vaues, as shown in Multimedia Appendix 2.
Thefinal features set consisted of clinically meaningful motor,
olfactory, and imaging features. Specifically, the selected
variables were updrs3_score, con_putamen, updrs totscore,
updrs2_score, lowput_expected, upsit_pctl,
DATSCAN_PUTAMEN_L, con_striatum, mean_putamen, and
DATSCAN_PUTAMEN_R. These features were used
consistently across all subsequent ML and LLM experiments.

Prompt Construction

To evaluate the performance of LLMs, we developed 4
prompting formats that express input variables in plain text
(PT), markdown (MD), special token (ST) annotations, and a
combined markdown with special token (MD+ST) structure
[29]. The PT format presents the input features as natural
language sentences, whereas the MD format uses a structured
table to delineate characteristics and enhance festure recognition,
and the combined MD+ST format integrates both structured
layout and explicit ST annotation.

Each prompting format was applied under O-shot conditionsto
3-shot conditions. All few-shot settings incorporated balanced
PD and HC examples, with 1 pair for 1-shot, 2 pairs for 2-shot,
and 3 pairs for 3-shot prompting. For dual-output prompting,
the diagnostic label was followed by 3 sentences of post hoc
explanatory text, which served as an exploratory output and did
not represent true model interpretability [30].

For dual-output prompting, each LLM wasinstructed to generate
adiagnostic label (PD or HC) followed by 3 sentences of post
hoc explanatory text with a maximum length of 180 tokens to
ensure comparability across models. Examplesof al prompting
formats, few-shot configurations, and sample outputs are
provided in Multimedia Appendix 3.

M odeling Approaches

This study compared traditional ML classifiers with multiple
LLMs in order to evaluate diagnostic performance under
consistent experimental conditions. As deterministic baselines,
wetrained LR with L2 regularization and a SVM with aradial
basis function (RBF) kernel, using the top 10 SHAP-selected
features. Both models were implemented using standard
scikit-learn procedureswithout extensive hyperparameter tuning,
since the goal was to establish transparent and reproducible
baselines rather than to maximize predictive performance. The
complete hyperparameter configurations for the ML classifiers
aresummarized in MultimediaAppendix 4. These modelswere
evaluated following the procedures described in the “Training
and Evaluation Settings’ section.
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For LLM-based classification, we selected model families that
collectively capture diversity in architecture, accessibility, and
usage constraints. The included families were LLaMA, GPT,
Gemini, and Claude. Each family provided one or more model
variantswith different parameter sizes or intended applications.
The LLaMA models consisted of LLaMA 3.1 8B Instruct and
LLaMA 3.3 70B Instruct, both of which were run locally using
open-access model weights. The GPT models consisted of
GPT-40-mini and GPT-40, accessed through the OpenAl
application programming interface (API). The Gemini models
included Gemini 1.5 Flash and Gemini 1.5 Pro, accessed through
the Google Gemini API. For the Claude family, the Claude 3.5
Sonnet model was used. Although lightweight variants such as
Claude Instant were available, the Sonnet model was selected
due to budget considerations and its expected performance.

All LLMswere accessed through their officially supported APIs
or localy hosted implementations using Python-based
programmatic interfaces. The same prompting formats, shot
settings, and evaluation procedures were applied across all
models, except whereinput-format restrictions required specific
handling. Additional implementation details, including software
environments and APl configurations, are provided in
Multimedia Appendix 5.

Training and Evaluation Settings

Overview

The evaluation schedule and prompting phases for each model
are summarized in Multimedia Appendix 6, and the hardware
and software environments used in all experiments are described
in Multimedia Appendix 7. To address the class imbalance
between PD and HC, model performancewas primarily assessed
using the F;-score, with precision and recal reported as
supporting metrics. Accuracy was treated as a secondary
measure, given that F,-score provides a more balanced
assessment under imbalanced classification tasks [31].

For all binary classification tasks, PD was assigned as the
positive class (label=1) and HC as the negative class (label=0)
acrossall ML and LLM experiments. Numerical features were
standardized using z score scaling, where each variable was
transformed by subtracting the mean and dividing by the SD
computed from the training split. This ensured a consistent
feature scale for both LR and SVM while preventing data
leakage. Standardization using z score was applied exclusively
tothe ML baselines. For LL M-based experiments, modelswere
provided with the original clinical values embedded in natural
language prompts, rather than normalized numerical vectors.
For ML models, performance uncertainty was quantified using
95% bootstrap Cls based on 1000 resampling iterations [32].

For LLMs, diagnostic classification was eval uated under O-shot
Settings to 3-shot settings using 4 prompting formats including
PT, MD, ST, and MD+ST. All few-shot experiments
incorporated balanced PD and HC examples at each shot level.
Across al LLM conditions, each participant was evaluated
through 30 repeated model executions under identical prompting
conditionsto account for the inherent nondeterminism of LLM
outputs [33]. Any change in diagnostic labels across these
executions was recorded as a label inconsistency event. For
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dual-output prompting experiments, semantic consistency of
the generated post hoc explanatory texts was also eval uated.

For each LLM and prompting configuration, macro-averaged
performance metrics (F,-score, precision, recall, and accuracy)
were computed for each of the 30 model executions.
Nonparametric 95% Clsfor LLM performance were estimated
only for thetemporal validation set using ahierarchical bootstrap
procedure. In each iteration, participants were sampled with
replacement and, for each selected participant, one prediction
was randomly drawn from the 30 repeated trials. The 2.5th and
97.5th percentiles of the resulting performance distributions
were reported in the temporal validation tables.

All combinations of prompting format and shot number were
evaluated for each LLM on the development test set. The
prompting configuration reported as the best for each model
corresponds to the combination that achieved the highest
macro-averaged F;-score on this test set. During tempora
validation, each LLM was evaluated using only under its
best-performing configuration. This ensured that temporal
validation assessed the generalizability of each model’soptimal
setting rather than retesting all prompt-shot combinations on
temporally independent data.

ML Baseline Training Protocols

Two conventional ML classifiers were trained as deterministic
baselines for comparison with LLM-based diagnostic
approaches. The modelswere LR with L2 regularization and a
SVM with an RBF kernel, both of which weretrained using the
same feature subset identified in the SHAP-based feature
selection step. Class weights were applied to address the
imbal ance between PD and HC samplesin the devel opment set.

Both models were implemented using standard scikit-learn
procedures without extensive hyperparameters optimization, as
the primary goal was to establish transparent and reproducible
baselines rather than to maximize predictive performance. LR
was trained using the liblinear solver with balanced class
weights, while SVM used an RBF kernel with probability
estimation enabled. Performance for both modelswas eval uated
for direct comparability with all LLM-based experiments.

Few-Shot Prompting Evaluation of LLMs

The LLMs were evaluated using the 4 prompting formats
described earlier, applied across 0-, 1-, 2-, and 3-shot settings.
Examples of PD and HC were baanced in al few-shot
conditions to ensure consistent contextual exposure. All 4
prompting formats were applied to the LLaMA models. In
contrast, only the PT and MD formats were applied to the GPT,
Gemini, and Claude models because these API-based models
do not support ST annotations in their input structure.
Importantly, theinclusion of STs substantially influenced both
diagnostic performance and output stability. Accordingly,
ST-based prompting (including MD+ST) was applied
exclusively to the LLaMA models as a model-specific input
design choice, and the resulting differencesin prompt structuring
capability were explicitly considered as a limitation in
cross-model comparisons.

https://medinform.jmir.org/2026/1/€77561
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Dual-Output Prompting of LLMsfor Diaghosisand Post
Hoc Explanatory Text

This experiment examined whether requiring LLMsto generate
post hoc explanatory text could influence their diagnostic
classification performance. Recent studies have shown that
step-by-step prompting can improve LLM accuracy in complex
decision tasks [34], yet fully stepwise reasoning is often
impractical in clinical contexts due to token limitations. Rather
than instructing the models to articul ate their reasoning step by
step, the models were prompted to produce concise post hoc
explanatory text. This approach enabled assessment of whether
areduced explanatory demand could affect the diagnostic output.

Each model generated abinary diagnosisof PD or HC followed
by exactly 3 sentences of post hoc explanatory text. To ensure
consistency across models and to manage token usage, thelength
of these explanatory outputs was fixed. This dual-output
prompting was applied to 4 models, including GPT-40, Claude
3.5 Sonnet, Gemini 1.5 Pro, and LLaMA 3.3 70B. Among these,
the LLaMA model was prompted using the ST format, whereas
the other models were prompted using the PT format because
these models do not support ST inputs.

Although the generated explanations were not reviewed by
clinical experts, their semantic consistency was evaluated to
assess the stability of the post hoc explanatory text under
repeated prompting. High semantic consistency reflects only
the reproducibility of the generated text across repeated runs
and does not imply that the explanations are clinically accurate
or factually grounded. For each participant, their explanatory
outputs per model were collected, and pairwise cosinesimilarity
between sentence embeddings was computed using the
all-mpnet-base-v2 model from the Sentence-Transformers
library [35,36]. This semantic consistency analysis was
performed only on the development set, while the temporal
validation set was used exclusively for the primary diagnostic
eva uation.

LLM Supervised Fine-Tuning

Supervised fine-tuning was conducted to evaluate whether
label ed training data could improve the diagnostic performance
and output stability of lightweight LLMs. Unlike prompt-based
learning, which is constrained by the number of examples that
can be included within a single prompt, supervised fine-tuning
allows the model to learn diagnostic patterns directly from the
full training dataset.

Among the models tested in this study, GPT-40-mini and
Gemini 1.5 Flash were selected as compact and computationally
efficient alternatives to assess how smaller LLMs perform
relative to larger models. Both models were fine-tuned using
the same dataset that was used in the prompting experiments,
and all evaluations were performed under 0-shot conditions on
the identical test set. The generation temperature was fixed at
0.1 to ensure consistent and deterministic behavior. Further
detail sregarding fine-tuning platforms, sampling strategies, and
training parameters are provided in Multimedia Appendix 8.

The GPT-40-mini model was fine-tuned through the OpenAl
API. Training jobs were submitted from a local workstation
after converting the dataset into JSONL format. A total of 1052
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samples were used for training and 186 samplesfor validation.
Thefine-tuning processfollowed OpenAl’sjob-based workflow,
inwhich each training job is versioned and automatically made
accessible through the OpenAl API upon completion.

The Gemini 1.5 Flash model was fine-tuned using the Google
Al Studio platform. Because the platform restrictstraining to a
maximum of 500 samples, stratified sampling was applied to
preserve the original class ratio, resulting in 383 PD samples
and 117 HC samples. The model was trained for 1 epoch with
a batch size of 1 and a learning rate of 1, after which the
fine-tuned model was deployed via the Gemini API using the
assigned model identifier.

All fine-tuned models were trained and evaluated using the PT
prompt format to maintain consistency between training and
testing conditions.

Ethical Consider ations

This study used publicly available, deidentified data provided
by PPMI. According to institutional policiesand the PPMI Data
Use Agreement, additional institutional review board approval
was not required for secondary analyses of this publicly

Shinet d

accessible dataset. The original PPMI study was conducted
under ingtitutional review board approval at all participating
ingtitutions, and all participants provided written informed
consent permitting data sharing and secondary analyses. All
analyses in this study were conducted on anonymized records
with no personally identifiable information, and no participant
compensation was applicable.

Results

ML Basdine Performance

To establish a deterministic baseline for comparison with
L L M-based diagnostic approaches, we evaluated 2 conventional
ML classifiers trained on the top 10 SHAP-selected features.
LR and a SVM with an RBF kernel were implemented using
standard scikit-learn procedures.

As summarized in Table 3, both models achieved identical
performance on the test subset of the devel opment set, yielding
amacro-averaged F,-score of 0.960 and an accuracy of 0.975.
Precision and recall were balanced across PD and HC, and the
95% Clsranged from approximately 0.94 to 1.00, reflecting the
modest sample size of the test subset (n=122).

Table 3. Performance of machine learning models on the test subset of the development set (n=122; Cls were estimated via 1000 bootstrap iterations).

Model F1-score® (95% Cl) Precision (macro avg®”’PDYHCY)  Recall (macro avg/PD/HC) Accuracy
LR L28 0.960 (0.943-1.000) 0.953/0.990/0.917 0.968/0.980/0.957 0.975
SVM RBF 0.960 (0.944-1.000) 0.953/0.990/0.917 0.968/0.980/0.957 0.975

8F,-scores represent macro avg val ues across PD and HC classes.

Pmacro avg: macro-averaged.

PD: Parkinson disease.

dHC: healthy controls.

€L R_L2: logistic regression (L2 regularization).
fsv M_RBF: support vector machine (RBF kernel).

Table 4 presents the results from the tempora validation set
(n=31). LR demonstrated moderately high generalizability,
achieving amacro-averaged F;-score of 0.903 and an accuracy

of 0.903. In contrast, SVM showed a substantial decline in

generalizability, producing amacro-averaged F;-score of 0.484
with markedly reduced recall for PD. The wide Cls observed
for both modelsreflect the limited size of thetemporal validation
set and the inherent uncertainty associated with evaluating
performance on small external samples.

Table 4. Performance of machine learning models on the temporal validation set (n=31; Cls were estimated via 1000 bootstrap iterations).

Model F1-score® (95% Cl) Precision (macro avg”’PDYHCY)  Recall (macro avg/PD/HC) Accuracy
LR L2 0.903 (0.791-1.000) 0.917/0.833/1.0 0.906/1.0/0.813 0.903
SVM RBE 0.484 (0.157-0.506) 0.241/0.483/0 0.5/0/1.0 0.484

8F,-scores represent macro avg values across PD and HC classes.
bmacro avg: macro-averaged.

®PD: Parkinson disease.

dHc: healthy controls.

®LR_L2: logistic regression (L 2 regularization).
fsv M_RBF: support vector machine (RBF kernel).

Given the small size of the temporal validation set (n=31),
results obtained on this dataset should be interpreted with

https://medinform.jmir.org/2026/1/€77561

caution, as performance estimates may be sensitiveto individual
misclassifications.
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Figure 2 illustrates the prediction patterns for the 2 classifiers
across both datasets. On the development test subset (Figure
2A), both models produced identical predictions, misclassifying
1 HC participant as PD and misclassifying 2 PD participants as
HC. In the temporal validation set, LR misclassified only 3HC

Shinet d

casesas PD (Figure 2B), whereas SVM misclassified nearly all
HC cases (Figure 2C). Although the two models performed
similarly on the devel opment test subset, their stability diverged
substantially when evaluated on data collected at a later
timepoint.

Figure 2. Confusion matrix for machine learning classifiers. (A) Test subset of the development set. (B) Logistic regression of temporal validation set.
(C) Support vector machine of temporal validation set. HC: healthy controls; PD: Parkinson disease.
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Few-Shot Prompting Performanceof LLMs

A tota of 4 prompting formats, including PT, MD, ST, and
MD+ST, were evaluated under O-shot conditions to 3-shot
conditions to assess the diagnostic performance of LLMs.
ST-based prompts were applied exclusively to the LLaMA
model s because theinclusion of STssubstantially affected both
classification accuracy and output stability. Non-LLaMA models
such as GPT, Gemini, and Claude did not support ST formatting
and were therefore evaluated using PT and MD formats.

Table 5 presents the best-performing results for each model on
thetest dataset (n=122). The best-performing configuration for
each model corresponds to the prompt type and shot humber
that achieved the highest macro-averaged F;-score on the

development test set.

LLaMA 3.3 70B and Gemini 1.5 Pro achieved the highest
macro-averaged F;-score of 0.987 with an accuracy of 0.992

https://medinform.jmir.org/2026/1/€77561
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and stable predictions across 30 repeated trials. LLaMA 3.1 8B
reached the same F;-score using the MD+ST prompt at the
3-shot setting but showed one instance of prediction
inconsistency. Claude 3.5 Sonnet demonstrated strong
performance with an F-score of 0.972 and an accuracy of 0.984
under 1-shot MD setting, maintaining complete consistency
across repeated runs. GPT-40 and GPT-40-mini achieved
slightly lower but stable performance, with macro-averaged
F,-scores of 0.961 and 0.910, respectively. Gemini 1.5 Flash
produced the lowest F;-score (0.894) despite consistent

predictions, reflecting reduced sensitivity for HC cases. Detailed
per-participant consistency analyses across 30 trialsare provided
in Multimedia Appendix 9.

Figure 3 displaysthe confusion matricesfor the best-performing
configuration of each model. Most classification errors occurred
in HC samples, indicating high sensitivity for PD across the
LLMs.
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Table 5. Best performance of large language models on the test dataset (n=122).

Model Prompt Shot Fy-score®  Precision (macro Recall (macro Accuracy  |nconsistency®,  nconsistent
avg’/PDYHCY) avg/PD/HC) n

LLaMA 3.1 \p+SsTY 3 0.987 0.995/0.990/1 0.978/1/0.957 0.992 1 PD #73

8B (13:17)

LLaMA 33 grh 2 0.987 0.995/0.990/1 0.978/1/0.957 0.992 0 _

70B

GPT-40-mi- \pl 2 0.910 0.972/0.943/1 0.869/1/0.739 0.951 1 HC #103

ni (19:11)

GPT-40 pPTX 0 0.961 0.954/0.990/0.917 0.969/0.980/0.957 0.975 2 HC #26
(28:2); HC
#68 (17:13)

Gemini 1.5  PT,MD 2 0.894 0.967/0.934/1 0.848/1/0.696 0.938 0 —

Flash

Gemini 1.5  PT,MD 2 0.987 0.995/0.990/1 0.978/1/0.957 0.992 0 —

Pro

Claude35 MD 1 0.972 0.990/0.980/1 0.957/1/0.913 0.984 0 —

Sonnet

8F,-scores represent macro avg val ues across PD and HC classes.

b

macro avg: macro-averaged.

®PD: Parkinson disease.

4HC: healthy

controls.

ENumber of participants (out of 122) whose predictions were inconsistent at |east once across 30 repeated trials.

fExampl e of inconsistent participants showing the final label (eg, PD #73) and the number of predicted labels across 30 runs (eg, 13:17 indicates 13 HC
and 17 PD predictions).

I9MD+ST: markdown with special token.
hsT: special token.
'Not applicable.
IMD: markdown.
KpT: plain text.

Figure 3. Confusion matrices of large language models under the best-performing configurations on the test dataset (n=122). HC: healthy contrals;
PD: Parkinson disease.
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Table 6 and Figure 4 summarize the best-performing
configuration of each LLM on the temporal validation set
(n=31). LLaMA 3.3 70B achieved the highest macro-averaged
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F,-scoreof 0.968 using the ST format at the 2-shot setting, with

recall of 1.00 and consistent predictions across all participants.
LLaMA 3.18B, Gemini 1.5 Pro, and Claude 3.5 Sonnet showed
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comparable performance, each achieving a macro-averaged
F,-score of 0.936 with stable predictions. GPT-40 and Gemini
15 Flash achieved moderately high performance
(F;-score=0.903), with consistent predictions across all
participants. In contrast, GPT-40-mini achieved the lowest
F,-score (0.836), driven primarily by reduced recal for HC
cases. Across all models, recall for PD remained consistently
high (recal|=0.938), demonstrating strong sensitivity even when

Shinet d

evaluated on data collected at alater timepoint. Figure 4 shows
the confusion matrices for each model under the prompt and
shot condition listed in Table 6.

These findings indicate that LLMs generally maintained high
diagnostic accuracy and prediction stability under temporally
separated data, supporting their potential generalizability beyond
the development dataset.

Table 6. Best performance of large language models on the temporal validation set (n=31).

Model Prompt Shot F1-score? Precision (macro Recall (macro Accuracy  |nconsi stency®, Inconsistent
(95% Cl) avg®/PDYHCY) avg/PD/HC) n

LLaMA 3.1 \p+sTY 3 0.936 0.941/0.882/1 0.938/1/0.875 0.935 2 HC #13

8B (0.854- (9:21); HC
1.000) #23 (7:23)

LLaMA 33 grh 2 0.968 0.969/0.938/1 0.969/1/0.938 0.968 0 i

70B (0.899-
1.000)

GPT-40-mi- \pl 2 0.836 0.875/0.750/1 0.844/1/0.688 0.839 2 HC #10

ni (0.708- (4:26); HC
0.966) #28 (8:22)

GPT-40 prK 0 0.903 0.917/0.833/1 0.906/1/0.813 0.903 2 PD #1 (1:29);
(0.773- HC#10(28:2)
1.000)

Gemini 1.5 PT 2 0.903 0.917/0.833/1 0.906/1/0.813 0.903 0 —

Flash (0.773-
1.000)

Gemini 1.5 PT 2 0.936 0.941/0.882/1 0.938/1/0.875 0.935 0 —

Pro (0.832-
1.000)

Claude35 MD 1 0.936 0.941/0.882/1 0.938/1/0.875 0.935 31 —

Sonnet (0.832-
1.000)

8F,-scores represent macro avg val ues across PD and HC classes.

bmacro avg: macro-averaged.

®PD: Parkinson disease.
dHC: healthy controls.

ENumber of participants (out of 31) whose predictions were inconsistent at least once across 30 repeated trials.
fExample of inconsistent participants showing the final label (eg, HC #13) and the number of predicted |abels across 30 runs (eg, 9:21 indicates 9 HC

and 21 PD predictions).

IMD+ST: markdown with special token.
hsT: special token.

'Not applicable.

IMD: markdown.

KpT: plain text.
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Figure 4. Confusion matrices of large language models under their best-performing configurations on the temporal validation set (n=31). HC: healthy

controls; PD: Parkinson disease.
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Diagnostic Performance Under Dual-Output
Prompting

Dual-output prompting was used to evaluate whether requiring
LLMs to generate post hoc explanatory text influenced their
diagnostic reliability. This experimental setting included 4
representative models, namely LLaMA 3.3 70B, GPT-4o,
Gemini 1.5 Pro, and Claude 3.5 Sonnet. Unlike diagnostic-only
prompting, this setup instructed each model to output a binary
diagnostic label followed by 3 sentences of post hoc explanatory
text. Because the LLaMA models are highly sensitive to input
formatting, dual-output prompts for LLaMA 3.3 70B were
constructed using the ST format. GPT-40, Gemini 1.5 Pro, and
Claude 3.5 Sonnet do not support ST inputs, and therefore PT
prompts were used for these models to maintain compatibility.

https://medinform.jmir.org/2026/1/€77561
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Assummarized in Table 7, all models achieved high diagnostic
performance under dual-output prompting, athough overall
F,-scoresweredightly lower than those obtained under few-shot
prompting. LLaMA 3.3 70B and Claude 3.5 Sonnet each
achieved a macro-averaged F;-score of 0.972 and correctly
identified all PD cases. GPT-40 and Gemini 1.5 Pro showed
similar results and achieved F;-scores of 0.958 with an accuracy
of 0.975. Most prediction errors occurred in HC cases, whereas
al PD samples were correctly classified. Instances of
inconsistency across 30 repeated trials were rare, typically
affecting no more than 2 participants for each model. The full
repeated-trial resultsare presented in Multimedia Appendix 10.

Figure 5 displays the confusion matrices corresponding to each
model’s best-performing dual-output configuration.
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Table 7. Best performance of large language models on the test dataset under dual-output prompting (n=122).
Model Prompt Shot Fy-score®  Precision (macro Recall (macro Accuracy  |nconsistency®,  nconsistent
avg’/PDYHCY) avg/PD/HC) n
LLaMA 33 gr9 3 0.972 0.990/0.980/1 0.957/1/0.913 0.984 122 HC #23
70B (29:1); HC
#68 (28:2)
GPT-40 prh 1 0.958 0.985/0.970/1 0.935/1/0.870 0.975 122 HC #26
(26:4); HC
#77 (6:24)
Gemini 1.5 PT 3 0.958 0.985/0.970/1 0.935/1/0.870 0.975 122 HC#97 (28:2)
Pro
Claude35 PT 0 0.972 0.990/0.980/1 0.957/1/0.913 0.984 122 PD #23 (1:29)
Sonnet

8F,-scores represent macro avg values across PD and HC classes.

Pmacro avg: macro-averaged.

PD: Parkinson disease.
dHc: healthy controls.

ENumber of participants (out of 122) whose predictions were inconsistent at least once across 30 repeated trials.
fExampl e of inconsistent participants showing the final 1abel (eg, HC #23) and the number of predicted labels across 30 runs (eg, 29:1 indicates 29 HC

and 1 PD predictions).
9ST: special token.
hpT: plain text.

Figure5. Confusion matrices of large language models under best-performing dual-output prompting conditions on the test subset of the development

set (n=122). HC: healthy controls, PD: Parkinson disease.
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Generalizability was further assessed using the temporal
validation set (n=31). As shown in Table 8, al models
maintained strong diagnostic sensitivity, and recall for PD
remained equal to 1 across al participants. GPT-40 achieved
the highest macro-averaged F;-score of 0.968 with an accuracy
of 0.968. LLaMA 3.3 70B followed with a macro-averaged
F,-score of 0.935. Gemini 1.5 Pro and Claude 3.5 Sonnet
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showed modest decreases in performance with F-scores of

0.903 and 0.869, respectively, primarily due to HC
misclassifications.

Figure 6 presents the confusion matrices for the temporal
validation set under the best-performing configuration for each
model.
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Table 8. Best performance of large language models under dual-output prompting on the temporal validation set (n=31).

Model Prompt Shot F,-score? Fﬁ'erk:)i sion (ma((j:ro Rec/&g :D(/nH%(?:C)rO Accuracy  |nconsistency®  Inconsistent
c avi
©@s%c) /PDYHC®) 9 cased
LLaMA 33 g19 3 0.935 0.941/0.882/1 0.938/1/0.875 0.935 2 HC #11
70B (0.832- (23:7); HC
1.000) #21(8:22)
GPT-40 pTh 1 0.968 0.969/0.938/1 0.969/1/0.938 0.968 1 HC#21(29:1)
(0.896-
1.000)
Gemini 1.5 PT 3 0.903 0.917/0.833/1 0.906/1/0.813 0.903 0 _
Pro (0.774-
1.000)
Claude35 PT 0 0.869 0.895/0.789/1 0.875/1/0.750 0.871 1 HC#10(1:29)
Sonnet (0.735-
0.968)

8F,-scores represent macro avg values across PD and HC classes.

bmacro avg: macro-averaged.

PD: Parkinson disease.
dHc: healthy controls.

ENumber of participants (out of 31) whose predictions were inconsistent at |east once across 30 runs.
fExampl e of inconsistent participants showing the final 1abel (eg, HC #11) and the number of predicted labels across 30 runs (eg, 23:7 indicates 23 HC

and 7 PD predictions).
9ST: special token.
PP plain text.

INot applicable.

Figure 6. Confusion matrices of large language models under best-performing dual -output prompting conditions on the temporal validation set (n=31).

HC: healthy controls; PD: Parkinson disease.
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Following the diagnostic classification results presented in Table
7, the semantic consistency of the post hoc explanatory texts
was evaluated to assess the stability of generated explanations
under dua-output prompting. Pairwise cosine similarity was
computed among 30 post hoc explanatory texts generated for
each participant, and the resulting mean and SD were averaged
acrossall 122 test participants. Asshownin Table 9, al models
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maintained high semantic consistency, with mean cosine
similarity values exceeding 0.95. LLaMA 3.3 70B achieved the
highest value under 0-shot prompting (0.997 + 0.005), and the
variation across models and shot settings was small (< 0.03).
This evaluation was limited to the development set, and
additional exploratory metrics for the temporal validation set
are provided in Multimedia Appendix 11.
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Table 9. Semantic consistency of reasoning outputs on the test dataset (n=122). Semantic consistency was assessed based on pairwise cosine similarity

among 30 post hoc explanatory texts generated per participant.

Model

Cosine similarity, mean (SD)

LLaMA 3.370B

0-shot 0.997 (0.005)
1-shot 0.995 (0.009)
2-shot 0.966 (0.016)
3-shot 0.980 (0.011)
GPT-40
0-shot 0.973 (0.016)
1-shot 0.980 (0.011)
2-shot 0.981 (0.011)
3-shot 0.975 (0.016)
Gemini 1L.5Pro
0-shot 0.969 (0.019)
1-shot 0.968 (0.025)
2-shot 0.956 (0.029)
3-shot 0.951 (0.026)
Claude 3.5 Sonnet
0-shot 0.985 (0.017)
1-shot 0.986 (0.016)
2-shot 0.987 (0.016)
3-shot 0.979 (0.015)

Fine-Tuned Prompting Performanceof LLMs

Supervised fine-tuning substantially improved the diagnostic
performance of lightweight LLMs and resulted in more

consistent classification across the evaluated datasets. Table 10
summarizes the results of GPT-40-mini and Gemini 1.5 Flash
on the development test set (n=122).

Table 10. Fine-tuning performance of lightweight large language models on the devel opment test set (n=122).

Model Prompt F,-score? Precision (macro Recall (macro Accuracy Inconsistency®  Inconsistent
avg®/PDYHCY) avg/PD/HC) cases

GPT-40-mini pTY 0.987 0.995/0.990/ 1 0.978/1/0.957 0.992 0 _h

Gemini L5Flash PT 0.973 0.990/0.980/ 1 0.957/1/0.913 0.984 1 HC #23 (9:21)

8F,-scores represent macro avg values across PD and HC classes.

Pmacro avg: macro-averaged.

PD: Parkinson disease.
dHc: healthy controls.

ENumber of participants (out of 122) whose predictions were inconsistent at least once across 30 repeated trials.
fExampIe of inconsistent participants showing the final label (eg, HC #23) and the number of predicted labels across 30 runs (eg, 9:21 indicates 9 HC

and 21 PD predictions).
9PT: plain text.
PNot applicable.

The finetuned GPT-40-mini achieved the highest
macro-averaged F,-score of 0.987, with recall of 1.00 and stable

predictions across 30 repeated trials. Gemini 1.5 Flash followed
closely with an F;-score of 0.973, maintaining an accuracy of

0.984 and showing only 1 inconsistent prediction (participant
HC #23). Both models were trained and evaluated using PT
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prompts. The corresponding confusion matrices are shown in
Figure 7. Figure 7 displays the confusion matrices of the
fine-tuned LLMs on the development test set, showing that
nearly all misclassifications occurred among HC participants,
whereas both models correctly identified all PD cases in the
sample.
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Figure 7. Confusion matrices of lightweight large language models after fine-tuning on the development test set (n=122). HC: healthy controls; PD:

Parkinson disease.
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To further assess model generalizability, both fine-tuned LLMs
were evaluated on the tempora validation set (n=31). As
summarized in Table 11, GPT-40-mini achieved F;-score,
precision, recal, and accuracy of 1.000 on the temporal
validation set, correctly classifying all participants in this
sample. In contrast, Gemini 1.5 Flash demonstrated slightly

Gemini 1.5 Flash
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lower but still strong performance with an F;-score of 0.903
and an accuracy of 0.903. All PD participants were correctly
identified, and the few errors were limited to HC participants.
Figure 8 presents the confusion matrices under the same
fine-tuned PT prompting configuration. Thesefindings confirm
that fine-tuning notably improved classification stability while
preserving sensitivity to PD in temporally independent data.

Table 11. Fine-tuning performance of lightweight large language models on the temporal validation set (n=31).

Model Prompt  F _score? Pl’efl?)i sion (magro Re‘j?l :D(/nH1?2C)m ACCUraCy  nconsistency®  Inconsistent cases’
c av
(95% CI) avg /PDHCY) 9
GPT-40-mini PTY 1 (1.000-1.000) v vin 1 0 _h
Gemini 1L.5Fash PT 0.903 (0.770-1.000)  0.917/0.833/1 0.906/1/0.813 0.903 1 HC #21 (25:5)

8 ,-scores represent macro avg values across PD and HC classes.

Pmacro avg: macro-averaged.

°PD: Parkinson disease.
dHc: healthy controls.

ENumber of participants (out of 31) whose predictions were inconsistent at |east once across 30 runs.
fExampl e of inconsistent participants showing the final 1abel (eg, HC #21) and the number of predicted labels across 30 runs (eg, 25:5 indicates 25 HC

and 5 PD predictions).
9PT: plain text.
PNot applicable.

Figure 8. Confusion matrices of lightweight large language models after fine-tuning on the temporal validation set (n=31). HC: healthy controls; PD:

Parkinson disease.
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These results confirm that with sufficient training data and
consistent prompting formats, even small-scae LLMs can
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achieve classification accuracy comparable to larger models
while maintaining stable performance.
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Figure 9 provides an integrated comparison of the
best-performing models across all experimental settings,
including traditional ML baselines, few-shot prompting with
LLM (LLM_F), dua-output prompting with LLM (LLM-D),

Shinet d

and fine-tuned prompting with LLM (LLM_FT). Across the
development dataset, multiple LLM configurations achieved
macro-averaged F;-scores comparable to LR, and fine-tuned

lightweight models reached the highest overall performance.

Figure 9. Comparison of the best macro-averaged F1-scores from the top-performing models in machine learning (ML) and large language model
experiments across few-shot, dual-output, and fine-tuned prompting on the development and temporal validation sets.
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On the temporal validation dataset, LR maintained moderate
generalizability, whereas SVM showed substantial degradation
when applied to temporally separated data. In contrast, several
LLM configurations preserved high recall for PD and sustained
overall performance, particularly under fine-tuned and few-shot
prompting conditions. These results demonstrate that while ML
baselines provide deterministic reference points, LLMs exhibit
greater flexibility across prompting strategies and maintain
stable sensitivity to PD in both datasets.

Discussion

Overview

This study examined how modern LLMs process structured
clinical variables when these variables are reformatted into
natural language prompts for the diagnostic classification of
PD. Using SHAP-selected features derived from the PPMI
dataset, we compared multiple LLM families and prompting
strategieswith conventional ML baselines. Three main findings
emerged. First, several LLMsachieved diagnostic performance
comparable to LR while maintaining high sensitivity for PD
across both the devel opment test set and the temporal validation
set. Second, the diagnostic behavior of LLMsvaried depending
on prompt format, model family, and shot configuration,
whereas the ML baselines produced deterministic and highly
stable predictions. Third, supervised fine-tuning markedly
improved both accuracy and output stability in lightweight
LLMs, alowing a compact model such as GPT-4o0-mini to
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correctly classify all participantsin the temporal validation set.
In addition, because the ML baselines in this study were
minimally tuned, part of any performance gap between ML
models and LLMs may reflect limited optimization of the ML
baselines rather than true methodological differences.
Accordingly, the present comparisons should be interpreted as
exploratory rather than definitive.

The performance of the LLaMA family was strongly influenced
by input formatting. In particular, the inclusion or removal of
STsresulted in notable differences in accuracy and sensitivity,
although their classification results varied more widely across
different shot settings [29]. Dual-output prompting, which
required models to generate diagnostic labels along with post
hoc explanatory text, resulted in dlightly lower F;-scores
compared with diagnostic-only prompting but did not
substantially destabilize predictions. The generated text
exhibited high semantic consistency acrossrepeated trials. These
explanations should be regarded as post hoc natural language
outputs rather than indicators of true model interpretability,
since they are produced after the model’s primary diagnostic
prediction step [14].

To evaluate whether inconsistent predictionsreflected clinically
ambiguous participants rather than model-level variability, we
conducted aqualitative review of casesthat exhibited the highest
numbers of label inconsistencies. A total of 2 HC participants
and 2 PD participants were selected for detailed examination.
All 10 SHAP-selected variables, including Unified Parkinson
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Disease Rating Scale (UPDRS) motor scores, University of
Pennsylvania Smell Identification Test (UPSIT) percentiles,
and dopamine transporter single-photon emission computed
tomography putaminal uptake metrics, were compared with the
overal distributions of the PD and HC groups. None of the
reviewed cases demonstrated borderline or contradictory clinical
profiles. The HC cases showed preserved dopaminergic uptake
and norma motor assessments, with only mild olfactory
reductions typical of healthy older adults. The PD cases
exhibited reduced dopaminergic activity, clear asymmetry, and
motor impai rment consistent with established PD patterns. These
observations suggest that 1abel inconsistencies are unlikely to
arise from underlying clinical ambiguity. Instead, they appear
to reflect model stochasticity and prompt-dependent variability
[33].

Supervised fine-tuning clarified the role of training data in
stabilizing LLM predictions. When provided with labeled
examples, both GPT-40-mini and Gemini 1.5 Flash
demonstrated substantial improvements in diagnostic accuracy
and showed consistently high sensitivity to PD on the temporal
validation set. GPT-4o0-mini classified all 31 participants
correctly after fine-tuning. This result suggests that compact
models can approximate or exceed the performance of larger
models when trained on appropriately structured datasets. It
also indicates that fine-tuning can reduce susceptibility to
prompt-level variability and may support morereliable behavior
in clinical decision-support environments. However, this
comparison should be interpreted with caution. Although
architectural differences may also contribute to the observed
performance gap, GPT-40-mini was fine-tuned on more than
twice as many labeled samples as Gemini 1.5 Flash (1052 vs
500) dueto platform constraints. Part of GPT-40-mini’s superior
performance may thereforereflect thelarger amount of training
data rather than inherent model advantages, which limits how
directly the two models can be compared.

Overdll, this study illustrates both the potential and the
limitations of modern LLMs for processing structured clinical
variables that are presented in natural language form. While
several models achieved strong diagnostic performance and
generalized well to temporally separated data, their outputs
remained sensitive to prompt structures, model architectures,
and few-shot configurations. Occasional inconsistencies across
repeated runs further highlight the stochastic nature of LLM
output generation [33]. These characteristics reinforce the
importance of careful interpretation and the need for rigorous
evaluation frameworks before LLMs can be integrated safely
into real-world diagnostic workflows.

Limitations

Severa limitations should be considered when interpreting these
findings. First, athough tempora validation provided an
important assessment of model generalizability, the temporal
validation set was relatively small (n=31), which resulted in
wide Cls for the reported performance metrics. In addition,
models were trained on datasets that included imputed val ues,
whereas evaluation was conducted on datasets restricted to
complete cases without missing data, including both the
development test set and the temporal validation set. This
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mismatch may introduce a distributional shift and result in
performance estimates that reflect a best-case evaluation
scenario rather than real-world clinical conditionswheremissing
data are common.

Second, the 10 features used for mode! input were selected using
SHAP values from tree-based models. Feature sets obtained
using alternative selection strategies may differ, so the current
feature subset may not fully represent model-agnostic feature
selection. Furthermore, the explanatory text generated by LLMs
under the dual-output prompting framework was not reviewed
by clinical experts. Accordingly, the semantic consistency metric
reflects internal textual stability rather than clinically accurate
or factually grounded post hoc explanatory text, and the clinical
validity of the generated explanations remains unverified.

Finaly, several methodological constraints limit direct
model-to-model comparisons. Prompt format and shot
configuration were selected based on performance observed on
the development test dataset, rather than using a separate
validation set for configuration selection. This design choice
reflects the study’s aim to broadly compare model behaviors
rather than to establish definitive optimal configurations. In
addition, platform-specific constraints limited the extent of
fine-tuning that could be performed across LLMs. While
GPT-40-mini was fine-tuned using 1052 training samples with
an additional held-out validation set of 186 samples, the Gemini
1.5 Flash fine-tuning interface restricts supervised training to
amaximum of 500 samples, and the machine |earning baselines
were trained on 990 samples. As a result, the observed
performance differences across models may reflect differences
in training data availability rather than inherent architectural
superiority and should be interpreted as exploratory.

Prompt structuring flexibility also differed across platforms, as
the ST format was applied only to the LLaMA models due to
platform-specific input constraints, further limiting the degree
to which direct model-to-model comparisons can be made in
this study.

Future Work

Future research should expand theseresultsin several directions.
Larger temporal or external datasets, including rea-world
clinical settings, are needed to strengthen generaizability
assessments.  Additional work is warranted to examine
optimization strategiesfor prompt design, temperature settings,
and calibration methods that may reduce stochastic variability.
Expert-based evaluation of generated post hoc explanatory text
may clarify how these outputs can be used to support clinical
decision-making. Further exploration of supervised fine-tuning
for additional lightweight LLMs could help identify
resource-efficient model s suitable for deployment in constrained
clinica  environments. Finadly, integrating imaging,
sensor-derived digital biomarkers, and longitudinal clinical
trajectories may clarify how LLMs can combine multimodal
biomedical datafor diagnostic tasks.

Conclusions

This study provides an exploratory benchmark of how LLMs
process structured clinical variables when presented in natural
languageform. Multiple LLMsachieved diagnostic performance
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comparable to conventional ML baselines and maintained high
sensitivity for PD under temporal validation. However, their
predictions were influenced by prompt format, shot
configuration, and model architecture, and occasional
inconsistencies reflected inherent stochasticity rather than
clinica ambiguity. Supervised fine-tuning substantially

Shinet d

compact architectures can achieve stable and high-performing
classification when trained on sufficient labeled examples. These
findings highlight both the opportunities and the challenges
associated with applying LLMs to structured clinical data and
emphasize the need for rigorous evaluation before clinical
implementation.

improved reliability in lightweight models, demonstrating that
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Abbreviations

API: application programming interface

HC: healthy controls

LLM: largelanguage model

LLM_D: dua-output prompting with LLM
LLM_F: few-shot prompting with LLM
LLM_FT: fine-tuned prompting with LLM

LR: logistic regression

MD: markdown

MD+ST: markdown with special token

ML: machinelearning

PD: Parkinson disease

PPMI: Parkinson’'s Progression Markers Initiative
PT: plain text

RBF: radial basis function

SHAP: Shapley additive explanations

ST: special token

SVM: support vector machine

UPDRS: Unified Parkinson Disease Rating Scale
UPSIT: University of Pennsylvania Smell Identification Test
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