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There has been a growing emphasis in recent years on the importance of statistical analysis in medical research. Accurate
statistical analysis is essential for ensuring the validity and reliability of research findings, as well as experiment
reproducibility. However, many researchers may not have a strong background in statistics, which can lead to problems
with study design, data analysis, and result interpretation.

The main takeaway from our extensive editorial experience is that basic statistical rules are not routinely followed by
the authors, including extremely small group size, data distribution assessment, inappropriate use of parametric tests and
pseudoreplication, and this is missed during the peer review process.

To address this issue we are, hereby, providing guidance for authors and peer reviewers on medical statistics. These
guidelines provide a helpful framework for the researchers to follow when designing studies and analysing data, and for
the reviewers to use when assessing the quality and accuracy of the manuscripts. Our authors are kindly requested to
provide a detailed data and statistical analysis paragraph within the Methods section to facilitate the implementation of
these guidelines.

1. Although there is no universally defined minimum group size, group sizes must be large enough to allow for
meaningful statistical analysis. For datasets undergoing statistical analysis, we have established a minimum “n” of
5 independent observations per group. If carefully justified (eg, limited sample availability, medico-legal reasons,
etc.), it is acceptable to design a study to compare groups with “n” below 5; however, in this case, no statistical
analysis should be performed, the findings must be presented as preliminary and authors should discuss this
limitation in their manuscript.

An alternative option to handle very small groups (n < 5) is the permutation and bootstrap tests that do not rely on
distributional assumptions.'

a) For randomised clinical trials and prospective clinical studies, researchers are required to conduct power
calculations based on the anticipated effect size, desired level of significance (typically 0.05), and desired
statistical power (must be 80% or higher), to determine the appropriate sample size.*

b) The “resource equation method” offers an alternative approach to determine sample sizes, taking into account
the law of diminishing returns. This method proves particularly valuable for biological experiments and animal
studies involving multiple treatment groups with small sample size that require analysis through analysis of
variance (ANOVA). In such cases, conducting a power analysis becomes challenging.®” The “resource equation
method” establishes the acceptable range for error degrees of freedom, in an ANOVA, between 10 and 20.
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The case can be simplified to the following equation:
X=N-T-B+1

N = total number of observations,

T = number of treatments,

B = number of blocks

X = should be between 10 and 20.

2. Authors should use groups of equal size when the number of observations (sample size) is n < 20 per group, to
maximise statistical power and minimise bias and error variance.

3. Each group should consist of independent observations. In clinical studies, it is a common mistake to include both
sides (eg, both eyes) of the same patient and analyse these data with traditional statistics (ie, ANOVA, #-test, etc.).
Including both sides of the same subject violates the assumption of the independence of observations, and therefore
traditional statistical tests are not appropriate. Authors should either choose one side of each patient or (if it is
necessary to include both sides to minimise waste of data) use more advanced statistics such as mixed-effects
models and generalised estimating equations to account for within-subject and between-subject variability.* '
Similarly, in experimental studies, pseudoreplication must be avoided.!' One sample run three times (“in tripli-
cate”) is n = 1 and not n = 3. Pseudoreplication is not acceptable in Drug Design Development and Therapy and can
only be used to test the reliability of single values. Our authors are kindly advised to check the Partnership for
Assessment and Accreditation of Scientific Practice (PAASP GmbH) website for further instructions on how to
avoid pseudoreplication in their experiments.'?

4. Authors should assess data distribution and homogeneity before conducting any statistical analysis. Applying
parametric tests when the data are skewed is not acceptable, unless the sample size is large and the data do not
deviate significantly from normality. We recommend that authors use the Shapiro—Wilk test and not the
Kolmogorov—Smirnov, as the latter is not powerful enough, especially when the group size is relatively small, or
alternatively, plots such as Q—Q and P—P plots.'® In cases where the sample size is very small (n < 10 per group), it
is advised to evaluate the data distribution visually using histograms, Q—Q plots, P-P plots or other graphical
techniques. Even in situations where traditional statistical tests might not have enough power, these visual
evaluations can provide valuable insights. Finally, we strongly advise against data transformation and normalisation
due to issues related to back-transformation which can lead to interpretational problems.'*

5. Data should be presented properly according to their distribution. For normally distributed data, the mean and
standard deviation (SD) or standard error of the mean (SEM) are commonly used as measures of central tendency
and spread, respectively. When dealing with skewed data, on the other hand, the median and interquartile range
(IQR) can be used as robust measures of central tendency and spread, respectively.

6. Authors should always mention the post-hoc tests used following ANOVA, Kruskal-Wallis, Friedman test, etc.
When using ANOVA, authors should be aware that when the assumption of equal variances is violated, ANOVA
may lead to incorrect results, inflating the Type I error rate. In such cases, Welch ANOVA is a suitable alternative,
as it does not assume equal variances and is robust to violations of this assumption. '’

7. Outliers are data points that differ significantly from the majority of the data and, if not properly handled, can have
a significant impact on statistical analyses and results. Outliers should not be excluded from the analysis without
a valid justification. This approach may result in biased estimates, misleading conclusions, and loss of valuable
information. Outliers might, often, be actual extreme values or unique observations that are crucial to comprehend-
ing the underlying phenomenon.

8. Authors should provide the accurate p values together with the statistical test used ie “(unpaired ¢-test, p = 0.03)”
and not just “(p<0.05)”.

Statistical analysis is the foundation of both clinical and experimental medical research. To ensure the credibility and
replicability of their findings, authors must take a rigorous and transparent approach to data analysis and presentation.
Reviewers must also understand statistical principles in order to evaluate the validity of submitted manuscripts. While the
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process may appear daunting, we hope that this information has helped to simplify some important aspects of statistical

analysis. Remember that statistics do not constitute a necessary evil, but rather a necessary tool in our scientific

endeavour. Collaboration between authors and statisticians is essential for the advancement of medical research and

we strongly recommend that authors seek professional statistical advice when this is necessary.
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