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Reevaluating principal
component analysis:
advocating for nonlinear and
nonparametric methods in
multi-omics data analysis

To the editor: In multi-omics research, accurate results
depend on methods that capture complex, nonlinear in-
teractions among high-dimensional data from genomic,
transcriptomic, proteomic, and metabolomic sources. Tradi-
tional linear models, such as principal component analysis,
are widely used for feature reduction and visualization;
however, their reliance on linear and parametric assumptions
may lead to misleading conclusions in nonlinear proteomic
analyses. For instance, although principal component analysis
successfully highlighted circadian gene expression patterns in
kidney studies,1 it can oversimplify multifaceted biological
interactions that better align with nonlinear behavior.

To address these challenges, nonlinear and nonparametric
robust statistical methods are recommended. Techniques like
Spearman rank correlation with P values and Kendall s with P
values can uncover associations without assuming data
normality, making them better suited for complex, hetero-
geneous data sets.2,3 These methods assess the strength and
direction of relationships using data ranks rather than raw
values, thus capturing nuances that principal component
analysis might miss.

Additionally, prior assessment of feature collinearity
through measures like the variance inflation factor is essential
to avoid distortion of analytical outcomes. Proper collinearity
diagnostics help ensure that each variable contributes
uniquely, enhancing the interpretability and reliability of the
analysis.4

Ultimately, combining principal component analysis with
nonlinear, nonparametric approaches provides a more
comprehensive understanding of the intricate molecular
networks underlying nonlinear health and disease, leading to
more robust and accurate conclusions.
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The authors reply: As the author highlights in
their recent letter to the editor,1 principal compo-
nents analysis (PCA) is widely used for feature
reduction and visualization of complex data sets. To
achieve this, through a series of linear transformations, PCA
reduces the dimensionality of data, while retaining most of
the variability, to obtain new variables (or components) to
explain variation within data. This was indeed the purpose of
the PCAs employed in our study2: to demonstrate separation
of the samples based on time of day. While we accept that
such linear and parametric assumptions may lead to
misleading conclusions in nonlinear omics’ data sets, the
conclusion that we have successfully demonstrated is to be
expected, as the author kindly points out. As circadian
rhythm is typically the major source of variance in circadian
data sets, this approach is especially appropriate for the
extraction of rhythmic patterns of gene and protein expres-
sion. That is, if we assume that the main source of variability
is from the biological condition of interest (time of day), we
expect to see samples clustering accordingly. As recently
demonstrated, although alternative methods, such as linear
discriminant analysis, may be better able to determine the
contribution of individual rhythmic genes, PCA identifies
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