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Enhancing biological data analysis: 

A critical examination of nonlinear 

and nonparametric statistical 

methods versus linear approaches

To the Editor: Liu et al1 investigated treatment 

outcomes of biologic therapy in super-responders 

and biologic-refractory psoriasis patients through 

a single-center retrospective study in China. 

Their retrospective analysis included psoriasis 

patients who initiated their first biologic therapy. 

Multivariable logistic regression analysis identified 

predictors for super-responders and biologic- 

refractory patients.1

This study highlights significant concerns 

regarding the use of logistic regression for deter-

mining feature importance, primarily due to its 

model-specific nature, which can lead to erroneous 

conclusions. Although supervised machine learning 

models like logistic regression have established 

ground truth values for validating target prediction 

accuracy, the feature importance derived from these 

models does not benefit from similar validation 

criteria. The absence of ground truth values means 

that various models may employ distinct methodol-

ogies for calculating feature importance, potentially 

resulting in biased interpretations. Notably, high 

target prediction accuracy does not inherently assure 

the reliability of feature importance. Over 100 peer- 

reviewed studies have documented substantial 

biases in feature importance derived from machine 

learning models, including logistic regression.2-5

The use of linear methods and parametric ap-

proaches on biological data, which are inherently 

nonlinear and nonparametric, can significantly 

distort analytical outcomes and result in misleading 

conclusions. Unlike supervised machine learning 

techniques, which can validate prediction accuracy 

against known target values, feature importance 

scores derived from these models often lack corre-

sponding ground truth benchmarks for validation. 

This absence of reliable validation introduces 

inherent bias in the interpretation of feature impor-

tance, potentially compromising the integrity of 

research findings. This paper critically examines 

the application of linear and parametric methods, 

such as logistic regression, for calculating feature 

importance and analyzing complex biological data 

sets that may not conform to the assumptions of 

these methodologies.

To enhance clarity for diverse readers, this study 

defines key technical terms. Feature importance 

indicates how each patient characteristic, like body 

mass index or the presence of psoriatic arthritis, 

influences the prediction of biologic therapy 

outcomes in psoriasis treatment. Ground truth values 

refer to observed clinical outcomes, noting that 

19.0% of the patients became super-responders 

and 4.6% biologic-refractory. Target prediction 

accuracy assesses how closely model predictions 

align with these outcomes. Additionally, a machine 

learning model analyzes patient data to predict 

treatment responses without explicit programming. 

Understanding these concepts is crucial for inter-

preting the multivariable logistic regression analysis 

presented in the study.

Logistic regression, a commonly used parametric 

method for binary outcomes, can yield distorted 

outcomes when applied to nonlinear and nonpara-

metric biological data, leading to incorrect conclu-

sions. Three critical components must be considered 

when calculating feature importance. First, analyze 

data distributions to evaluate normality, patterns, 

outliers, and both univariate and multivariate char-

acteristics, including skewness and kurtosis. Second, 

assess statistical relationships between variables, 

covering linear and nonlinear associations, direct 

and indirect relationships, interaction effects, and 

multicollinearity. Third, validate statistical signifi-

cance through comprehensive P value assessments, 

multiple testing corrections, effect size calculations, 

and CI estimations.

This paper advocates for the use of robust nonlinear 

and nonparametric methods, including Spearman’s 

correlation, Kendall’s tau, and Goodman-Kruskal 

gamma, accompanied by P values, whereas Mutual 

Information analysis provides complex interactions 

among multiple variables.
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