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Fuellen et al. (2025) highlighted the essential role of explainable AI methods, particularly principal component
analysis (PCA), in evaluating interventions for aging and longevity. However, this paper raises significant con-
cerns regarding PCA’s linear and parametric nature, which can misrepresent complex, nonlinear data common in
geroscience research. As biological relationships often defy simplistic interpretations, reliance on PCA may
obscure vital insights, leading to potential misinterpretations of intervention effects. To enhance accuracy in
analyses, this study advocates for the adoption of nonlinear and nonparametric methods, such as Spearman’s

rank correlation and Kendall’s tau. By reconsidering their methodological approaches, researchers can foster
more accurate and informed evaluations of aging-related interventions.

Accurate analysis in geroscience is fundamentally reliant on re-
searchers performing error-free calculations, as the robustness of their
findings is directly tied to the methodologies employed. This paper aims
to highlight specific instances of methodological shortcomings and of-
fers concrete strategies for improvement.

Fuellen et al. (2025) have reviewed the validation requirements for
Al-based intervention evaluations in aging and longevity research,
emphasizing the importance of explainable AI methods, particularly
principal component analysis (PCA). This unsupervised machine
learning technique aids in visualizing data within a similarity space,
enabling effective representation of both the intervention under inves-
tigation and its comparative interventions in two- or three-dimensional
formats. The spatial arrangement of these interventions is essential for
interpretation, allowing researchers to discern those with comparable
characteristics. In a well-structured similarity space, interventions with
similar effects and toxicity profiles tend to cluster, providing valuable
insights into their interrelations and enhancing the clarity of the eval-
uation process (Fuellen et al., 2025).

This paper raises significant concerns about the use of principal
component analysis (PCA) as an explainable AI method, particularly
because of its inherently linear and parametric nature. These charac-
teristics can lead to misleading conclusions when applied to nonlinear
and nonparametric data commonly encountered in geroscience
(Makrodimitris et al., 2023; Pattaroni et al., 2024; Shen et al., 2024). In a
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field where intricate biological relationships and aging processes often
defy simple linear correlations, relying on PCA may obscure critical
nuances and patterns in the data (Chen et al., 2023; Sahu et al., 2020;
Schober and Vetter, 2020). Consequently, researchers risk misinter-
preting the effects of interventions or overlooking essential variables
that could influence outcomes. To ensure robust and accurate analyses
in geroscience, alternative approaches that account for the complexity
and nonlinearity of biological data should be considered. These alter-
natives can enhance the interpretability of Al-driven insights, ultimately
leading to more informed and effective interventions for aging-related
challenges.

PCA faces two critical limitations in biological data analysis: First, as
an unsupervised method, it focuses exclusively on feature variance
without considering feature-target relationships, potentially missing
biologically relevant signals. Second, PCA’s underlying assumptions—-
linear relationships, meaningful correlations between variables,
continuous and standardized data, adequate sample size, homoscedas-
ticity, and minimal outliers—are frequently violated by the inherently
nonlinear, nonparametric nature of biological data. When applied to
such complex datasets, these violations can lead to misleading in-
terpretations and potentially flawed scientific conclusions.

This paper advocates for the adoption of nonlinear and nonpara-
metric robust statistical methods, such as Spearman’s rank correlation
(Yu and Hutson, 2024) and Kendall’s tau (Okoye and Hosseini, 2024),
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both of which provide p-values for assessing significance. This
comprehensive approach not only enhances the validity of the findings
but also ensures a more accurate interpretation of complex multi-omics
data.

These methodological considerations have profound implications for
aging research, where the complexity of biological systems demands
robust analytical approaches. Fuellen et al. (2025) highlight that
Al-based intervention evaluations in aging and longevity research
require carefully validated methods that can capture the multidimen-
sional nature of age-related processes. When visualizing intervention
similarities in aging research, the limitations of PCA can lead to
misleading interpretations of how interventions cluster in relation to
their effects on longevity pathways. Alternative methods like nonpara-
metric correlation techniques or hybrid feature selection approaches
offer more reliable insights into the complex interactions between ge-
netic, epigenetic, and environmental factors that influence aging. By
employing statistically validated feature selection methods, researchers
can more accurately identify biomarkers of aging, evaluate intervention
efficacy across different biological contexts, and develop more precise
personalized interventions that address the heterogeneous nature of
aging processes. This methodological refinement is essential for
advancing the field toward evidence-based interventions that can
meaningfully impact healthspan and lifespan.
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