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BACKGROUND

The Alzheimer's Disease (AD) research ecosystem contains a rapidly
growing collection of clinical, imaging, sociodemographic, and molecular
datasets. Yet inconsistencies in schemas, variable encodings, and batch
effects require extensive preparation for cross-cohort analyses and
constrain their utility for building large-scale trustworthy Al models'. To
address this bottleneck, we introduce the Agentic Harmonization
Assistant (ahaTM), a multi-agent system that reasons, plans, executes,
and validates end-to-end dataset harmonization.

Welcome to aha™ | Agentic Harmonization Assistant.

Please choose your workflow.
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METHODS

aha™ is powered by multiple large language models operating through
in—-context learning. It is a four-stage system (Figure 1) that begins
with a profiling module, which characterizes both the standard and
unharmonized datasets using their data dictionaries to generate
machine-readable variable profiles that combine descriptive
statistics with semantic information. These profiles are then used by
the strategy and planning module to create a harmonization plan for
each variable, including confidence scores and required
transformations, which are refined through an iterative process. The
execution module implements the plan. Finally, the validation module
evaluates the harmonized output against the standard dataset and

generates a consistency analysis.
h OTM AGENTIC
i HARMONIZATION
2982333%°%s: . ASSISTANT

e Raw Databases
e Data Dictionaries
e Standard to Follow

j

1. Data 2. Strategy 3. 4,
Profiling & Planning Execution Validation

Harmonized Databases

\-

Figure 1. Multi-agent system workflow for data harmonization.
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RESULTS

aha™ reduces harmonization time by 93%, decreasing the required
effort from 28 hours of manual work to 2.5 hours for 100 variables. We
evaluated aha™ performance per module.
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PROFILING:
We assessed the accuracy of the data extraction performed
by the profiling.

We evaluate the correctness of the data extraction on three

different domains:

» Data Type: Accuracy, Precision, Recall, and F1-Score measuring the
correct selection of the data type between the possible options (float,

int, binary, categorical_nominal, categorical_ordinal, text, or date).

 Variable description: Cosine Similarity between the generated
description and the ground-truth on the data dictionary.

* Ranges or categories: loU between the values extracted by the
system and the ground-truth on the data dictionary

STRATEGY & PLANNING:
We evaluated the correctness of the selected harmonization
plan on 4 items.

 Variable Alignment: F1 score measuring whether predicted variables
were correctly matched to ground-truth variables.

» Decision Match: F1 score for selecting the correct harmonization

decision (matched, mapped, partially mapped, calculated, or not
mapped).

» Transformation Selection: F1 score evaluating whether the correct
set of transformation operations (e.g., map, rename, case_when)
was selected for each variable.

* Transformation Correctness: Mean accuracy of each operation’s
parameters (e.g, correct value mappings, rename targets,
conditions), scored in [0, 1] per operation across aligned pairs.
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CONCLUSIONS

Our interim findings confirm that aha™ is a powerful and scalable solution
for harmonizing AD data across global cohorts. We continue to enhance
model performance, enabling accurate outputs that support research and
clinical applications. aha™ will continue to improve through ongoing
fine-tuning and integration of additional modalities such as neuroimaging
and omics harmonization, positioning it as a foundational platform for
Al-driven AD research and precision prevention strategies.
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