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Abstract

This review examines multimodal biomedical and environmental evidence under domain shift through an evidence-centered
design lens. The analysis asks how temporal and molecular signals should be validated. It treats the relevant unit as a complete
pathway from data or physical observations to representation, model output, human interpretation, and accountable action. The
cited literature is synthesized without inventing experiments or unreported performance values. Particular attention is given to
data leakage and unstable cross-domain adaptation. The review argues that credible translation requires explicit evidence
boundaries, uncertainty-aware evaluation, author-visible traceability, and a documented route for intervention. The resulting
framework supports health and exposure research while distinguishing component promise from system readiness.
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1. Introduction
Research on multimodal biomedical and environmental evidence
under domain shift often begins with a high-performing
component, yet practical value depends on the surrounding
evidence chain. A component may be technically plausible and still
be unsuitable for deployment if its inputs are poorly specified, its
validation endpoint is misaligned with the decision, or its
uncertainty is hidden from the person expected to act. The central
question in this review is therefore how temporal and molecular
signals should be validated.

The analysis is structured as a narrative synthesis. It does not pool
effect sizes or claim new empirical results. Instead, it compares
how the cited studies define inputs, mechanisms, outputs, and
evaluation conditions. This approach is especially important where
data leakage and unstable cross-domain adaptation. A defensible
review must keep source-specific findings separate from broader
design implications.

2. Mechanisms and Representation Choices
Mechanistic clarity begins with an explicit system boundary. For
computational systems, that boundary includes data collection,
representation, training objective, inference, and user action. For
physical or biomedical systems, it includes material or biological
state, measurement process, intervention, and outcome. In both
cases, a claim should identify what changed, under which
conditions, and how the change was observed.

Han et al. (2026) propose user-guided embeddings for fast
diversified top-k rule discovery. Within the present review, this
source functions as mechanism-level evidence for multimodal
biomedical and environmental evidence under domain shift. Its
contribution is bounded to the mechanism, dataset, or decision
setting that it directly addresses; it is not treated as proof of
performance in health and exposure research. This separation keeps
the evidential claim traceable while still allowing comparison
across methods.

Deng et al. (2026) introduce latent policy optimization through an
iterative information bottleneck. Within the present review, this
source functions as mechanism-level evidence for multimodal
biomedical and environmental evidence under domain shift. Its
contribution is bounded to the mechanism, dataset, or decision
setting that it directly addresses; it is not treated as proof of
performance in health and exposure research. This separation keeps
the evidential claim traceable while still allowing comparison
across methods.

Tao, Lyu, and Cao (2026) present a deep-learning framework for
automated platform content moderation. Within the present review,
this source functions as mechanism-level evidence for multimodal
biomedical and environmental evidence under domain shift. Its
contribution is bounded to the mechanism, dataset, or decision
setting that it directly addresses; it is not treated as proof of
performance in health and exposure research. This separation keeps
the evidential claim traceable while still allowing comparison
across methods.

Page et al. (2021) provide reporting standards for transparent
systematic reviews. Within the present review, this source
functions as mechanism-level evidence for multimodal biomedical
and environmental evidence under domain shift. Its contribution is
bounded to the mechanism, dataset, or decision setting that it
directly addresses; it is not treated as proof of performance in

health and exposure research. This separation keeps the evidential
claim traceable while still allowing comparison across methods.

The comparison suggests that representation choices are not neutral
preprocessing steps. They determine which variations become
visible, which are compressed away, and which forms of
uncertainty can reach the decision interface. Reviewers should
therefore ask whether the representation preserves the distinctions
that matter for the intended use.

3. Evaluation and Error Analysis
Evaluation should follow the decision pathway rather than stop at a
single technical score. A layered plan covers analytical validity,
robustness under plausible variation, calibration, decision utility,
and post-deployment monitoring. Aggregate metrics should be
supplemented with error categories that reveal where and why
performance changes.

Chen et al. (2026) study multimodal dosiomics and longitudinal
delta-radiomics for xerostomia prediction. Within the present
review, this source functions as evaluation evidence for multimodal
biomedical and environmental evidence under domain shift. Its
contribution is bounded to the mechanism, dataset, or decision
setting that it directly addresses; it is not treated as proof of
performance in health and exposure research. This separation keeps
the evidential claim traceable while still allowing comparison
across methods.

Tao et al. (2021) use RNA-seq to identify hub genes after
trigeminal compression injury. Within the present review, this
source functions as evaluation evidence for multimodal biomedical
and environmental evidence under domain shift. Its contribution is
bounded to the mechanism, dataset, or decision setting that it
directly addresses; it is not treated as proof of performance in
health and exposure research. This separation keeps the evidential
claim traceable while still allowing comparison across methods.

Vaswani et al. (2017) establish the attention-based architecture
underlying modern sequence models. Within the present review,
this source functions as evaluation evidence for multimodal
biomedical and environmental evidence under domain shift. Its
contribution is bounded to the mechanism, dataset, or decision
setting that it directly addresses; it is not treated as proof of
performance in health and exposure research. This separation keeps
the evidential claim traceable while still allowing comparison
across methods.

For health and exposure research, errors are asymmetric. A false
alarm, missed event, unstable ranking, or unsafe action does not
carry the same consequence. Thresholds and abstention rules
should therefore be justified against the operating context, not
selected solely for benchmark convenience.

4. Translation, Governance, and Use
Conditions
Translation requires evidence that the tested conditions resemble
the intended environment closely enough for the decision at hand.
Dataset shift, population differences, material variability, sensor
degradation, and changing policy definitions can all break that link.
A release decision should state its validity conditions and identify
triggers for revalidation.

Lian et al. (2024) estimate short-term associations between
individual and mixed air pollutants and suicide mortality. Within
the present review, this source functions as translation evidence for
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multimodal biomedical and environmental evidence under domain
shift. Its contribution is bounded to the mechanism, dataset, or
decision setting that it directly addresses; it is not treated as proof
of performance in health and exposure research. This separation
keeps the evidential claim traceable while still allowing
comparison across methods.

Fang et al. (2025) align multiview graph domains through
structural aggregation and dynamic view-order selection. Within
the present review, this source functions as translation evidence for
multimodal biomedical and environmental evidence under domain
shift. Its contribution is bounded to the mechanism, dataset, or
decision setting that it directly addresses; it is not treated as proof
of performance in health and exposure research. This separation
keeps the evidential claim traceable while still allowing
comparison across methods.

Maclure (1991) introduce case-crossover designs for transient
exposures and acute events. Within the present review, this source
functions as translation evidence for multimodal biomedical and
environmental evidence under domain shift. Its contribution is
bounded to the mechanism, dataset, or decision setting that it
directly addresses; it is not treated as proof of performance in
health and exposure research. This separation keeps the evidential
claim traceable while still allowing comparison across methods.

Governance is part of the technical architecture because it assigns
authority and creates recoverable records. Useful controls include
versioned data and models, decision logs, review rights, escalation
paths, and change-management thresholds. These controls are most
effective when each is tied to a named hazard rather than a general
aspiration.

5. Research Priorities
Future studies should predefine the intended decision, measure
uncertainty at the point where it affects action, and report failure
modes alongside average performance. Comparative work should
use baselines that expose the value of each added component.
External validation should test meaningful shifts rather than repeat
a near-identical sampling process.

Evidence packages should also preserve provenance. A reader
should be able to identify which source supports each mechanism,
evaluation choice, and governance recommendation. This
requirement improves scientific clarity and prevents a densely cited
paragraph from implying that every reference supports every claim.

6. Conclusion
The literature supports a disciplined pathway for reviewing
multimodal biomedical and environmental evidence under domain
shift: define the decision, preserve evidence boundaries, test
consequential error modes, and connect uncertainty to action. The
strongest contribution of a review is not a universal ranking but a
transparent account of what is known, what remains conditional,
and what would justify the next stage of use in health and exposure
research.
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