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This commentary refers to ‘Ambulatory blood pressure mon-
itoring, European guideline targets, and cardiovascular out-
comes: an individual patient data meta-analysis’, by D.-Y.
Zhang et al., https:/doi.org/10.1093/eurheartj/ehaf220 and
the discussion piece ‘Clarifying the use of multinomial logistic
regression in analysis: a methodological response’, by D.-Y.
Zhang et al., https://doi.org/10.1093/eurheartj/ehaf543.

Zhanget al." on behalf of the International Database of Ambulatory Blood
Pressure (ABP) in Relation to Cardiovascular Outcomes Investigators,
performed an individual patient data meta-analysis to assess the relation-
ship between office blood pressure (OBP) and ABP, both measured at
baseline.” Through multinomial logistic regression, they analyzed the prob-
ability of individuals belonging to each of four descending quartiles of the
percentage of time that blood pressure remained within the target range,
as established by the 2024 European Society of Cardiology guidelines.
Their analysis encompassed a wide range of systolic and diastolic OBP
values in both untreated and treated study participants.

However, Zhang et al.' do not appear to address the critical import-
ance of verifying the underlying assumptions of their data analysis meth-
ods—a key step to ensure valid results. As outlined in the Edinburgh
Medical School’s data analysis textbook and supported by numerous
peer-reviewed articles,”™ violating fundamental assumptions of logistic
regression—such as linearity of the logit for continuous predictors, inde-
pendence of observations, lack of multicollinearity, and appropriate dis-
tribution of residuals—can render statistical results, including P-values
and confidence intervals, unreliable and potentially misleading against
non-linear non-parametric biological data analysis. Because logistic re-
gression is a parametric technique, it is particularly vulnerable to these
violations; failure to assess and address these assumptions may com-
promise both the validity and interpretability of their study’s findings.

Given the inherently non-linear and non-parametric nature of much
biological data, reliance on logistic regression in this context raises sig-
nificant methodological and empirical concerns. Logistic regression as-
sumes linearity of the logit for continuous variables, absence of
multicollinearity, independence of observations, and sufficient sample
size for each category. However, biological phenomena often involve

complex interactions in which multiple variables influence each other
simultaneously and in context-dependent ways that cannot be captured
by simple additive or multiplicative models. Additionally, many biologic-
al relationships are non-monotonic, meaning the associations between
variables do not consistently increase or decrease but may change dir-
ection or magnitude at different levels—a limitation that logistic regres-
sion cannot adequately address due to its assumption of monotonicity
in predictor effects. Furthermore, logistic regression does not capture
the directionality of information flow between variables, which can be
critical when studying causality or influence in physiological systems.

When these assumptions are violated, as frequently happens with com-
plex, heterogeneous biomedical data, conclusions drawn from logistic re-
gression may be biased, incomplete, or misleading. To ensure rigorous
inference and valid conclusions, it is therefore essential for researchers
to assess, report, and—if necessary—adjust their modelling approach ac-
cordingly. Alternatives such as non-parametric, or
information-theoretic methods—Ilike Effective Transfer Entropyw—offer
superior handling of complex variable interactions, non-monotonic pat-
terns, and the explicit quantification of directional information transfer,
making them especially suitable for the nuanced analysis required in con-
temporary biomedical research.
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