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ARTICLE INFO ABSTRACT
Keywords: Liu et al. (2025) analyzed UK Biobank data, using Principal Component Analysis (PCA) to identify lipid patterns
Lipid patterns associated with depression and bipolar disorder. Their work reported that the first principal component (PC1),
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reflecting Apolipoprotein B (ApoB), cholesterol, and low-density lipoprotein cholesterol (LDL-C), showed a
protective effect against depression. However, their methodological approach warrants discussion. PCA is a
linear dimensionality reduction technique. The authors noted nonlinear relationships between lipid profiles and
mood disorder risk, contradicting PCA's inherent linearity assumption. Applying linear methods like PCA to
nonlinear data can lead to significant distortions, systematic bias, and underfitting, failing to capture true data
complexity. PC1 may have obscured genuine associations by forcing distinct biological features into a single
linear equation, potentially diluting crucial signals. For future research, complementing PCA with unsupervised
learning techniques like Feature Agglomeration (FA) and Highly Variable Gene Selection (HVGS) could offer a
more robust approach. Additionally, using nonlinear nonparametric statistical methods such as Spearman's rho
or Kendall's tau would be beneficial. These methods detect monotonic relationships without linearity assump-
tions, precisely capturing potentially nonlinear associations and enhancing interpretability in translational
biomarker research.

Dear Editor, lipid markers and mood disorders by forcing these biologically distinct
features into a single linear equation, effectively diluting signals that
might have been detected through direct analysis of the original
variables.

Given that PCA inherently assumes linear relationships and priori-
tizes global variance capture over the preservation of local structure, its
application to inherently nonlinear biological data risks obscuring
clinically significant associations. More methodologically robust, multi-
faceted approaches would involve complementing PCA with unsuper-
vised learning techniques like Feature Agglomeration (FA) and, where
applicable, Highly Variable Gene Selection (HVGS) (Zhang et al., 2020;
Arora et al., 2023). Additionally, the use of nonlinear nonparametric
statistical methods such as Spearman's rho or Kendall's tau would be
beneficial (Okoye and Hosseini, 2024; Yu and Hutson, 2024). These
methods specifically detect monotonic relationships without imposing
linearity assumptions, thereby capturing potentially nonlinear associa-
tions between individual lipid markers and mood disorder risk with
greater precision and reliability. Beyond their statistical appropriate-
ness, such nonparametric approaches offer enhanced interpretability—a
critical consideration in translational biomarker research where findings
must guide clinical decision-making. This interpretability advantage
proves particularly valuable when communicating complex relation-
ships to diverse stakeholders across the healthcare continuum, facili-
tating more effective translation from statistical findings to actionable
clinical insights.

This correspondence offers a timely and critical evaluation of
methodological choices in lipid biomarker research, with particular
emphasis on the limitations of applying linear techniques such as PCA to
biologically complex and nonlinear data. One of the main strengths of
our analysis is the proposal of alternative analytical approaches,

Liu et al. (2025) analyzed UK Biobank data to uncover lipid patterns
associated with depression and bipolar disorder. While their work pro-
vides valuable insights into the biological underpinnings of mood dis-
orders, their methodological approach requires further discussion. At
the core of their analysis, principal component analysis (PCA) was used
to reduce the dimensionality of seven blood lipids into interpretable
components, with the first three principal components (PCs) being
derived. Specifically, the first principal component (PC1), primarily
reflecting levels of Apolipoprotein B (ApoB), cholesterol, and low-
density lipoprotein cholesterol (LDL-C), showed a protective effect
against depression.

However, this paper raises a fundamental methodological concern.
PCA is inherently a linear dimensionality reduction technique. It oper-
ates on the assumption that directions of maximum variance adequately
capture the underlying structure of the data in a linear fashion. Yet, Liu
et al. themselves acknowledge discovering nonlinear relationships be-
tween lipid profiles and mood disorder risk, a finding that directly
contradicts the suitability of PCA for this particular dataset. When linear
methods like PCA are applied to data with intrinsically nonlinear pat-
terns, significant distortions can emerge in the resulting model. This
methodological mismatch typically leads to systematic bias in parameter
estimates and problematic underfitting, where the model fails to capture
the true complexity of relationships present in the data (Cristian et al.,
2024; Dyer and Kording, 2023; Elhaik, 2022; Yao and Ochoa, 2023;
Mohseni and Elhaik, 2024). Such limitations can compromise both the
validity and interpretability of the study's conclusions regarding lipid-
mood disorder associations. Most critically, the first principal compo-
nent (PC1) likely obscured genuine associations between individual
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including unsupervised learning and nonparametric methods, which
may be better suited to capturing the true structure of associations be-
tween lipid profiles and mood disorders. As is the case with any com-
mentary based on previously published findings, the generalizability of
the observations may depend on the specific context and may not apply
universally to all datasets or study designs. Nevertheless, this discussion
provides a useful framework that can help refine future research
methodologies in the field of psychiatric biomarker discovery.

While Liu et al. (2025) have made a valuable contribution to our
understanding of lipid profiles in mood disorders through their analysis
of UK Biobank data, their methodological approach warrants critical
examination. The application of PCA to biological data exhibiting
nonlinear relationships fundamentally contradicts the technique's un-
derlying assumptions, potentially compromising the validity of their
findings. This mismatch between the analytical method and data char-
acteristics likely resulted in systematic bias and underfitting of the true
relationships between lipids and mood disorders. Future research in this
domain would substantially benefit from employing alternative analyt-
ical techniques better suited to capturing nonlinear associations. Such
approaches would not only offer statistical advantages but also enhance
interpretability—a crucial consideration for translating biomarker
research into clinical applications. Addressing these methodological
concerns would strengthen the foundation for identifying reliable lipid
biomarkers in psychiatric conditions.
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