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Statistical models of multiple comparisons for small samples using the bootstrap method in the analysis of selected epidemiological factors in cardiovascular diseases.
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Conclusion

The study showed how the bootstrap method enhances multiple comparison analyses across
various distribution scenarios. We employed ANOVA and post hoc tests to scrutinize differences
between groups based on homogeneity of variances and distribution characteristics. Despite
slight inflation of P values, bootstrap analyses provided robust results across both homogeneous
and heterogeneous variance scenarios. Table 1 presents a summary of the performance of
bootstrap and its effectiveness across various distributions, as well as its application in multiple
group analyses.

Independence from Population 
Distribution Assumptions

Bootstrap does not require advanced assumptions about the population 
distribution, making it universal and versatile

Handling Heterogeneity
Bootstrap effectively handles cases regardless of whether the variance of a 
variable is heterogeneous or homogeneous

Efficiency in Post Hoc Tests
Bootstrap is efficient in the multi comparison analysis with post hoc tests, 
demonstrating effectiveness at different levels of conservativeness

Adaptation to Skewness and 
Kurtosis

Bootstrap adapts to distributions with varying levels of skewness and 
kurtosis, enabling analysis of more complex data

Table 1 Applications of the bootstrap method: examples of situations and contexts in data analysis.

In the simulation study the anonymous data obtained from the Department and Clinic of
Cardiology at the Medical University of Wroclaw were utilized. In our analysis we focused on a
group of male patients (N=486), all diagnosed with cardiovascular disease. For the purpose of
our analysis we focused on two variables: serum concentration of triglycerides (TG [mg/dl]) and
serum concentration of High-Density Lipoprotein Cholesterol (HDL [mg/dl]).

The kurtosis and skewness were estimated according to Brown [3] and Jar [4]. To compare
means among groups, the classical one-way analysis of variance (ANOVA) was employed,
followed by the post hoc tests of varying conservativeness (Tukey, Bonferroni, and LSD Fisher).
Statistical significance was considered at the values of P < 0.05. In all estimations (descriptive
statistics incl. Skewness and kurtosis, one-way ANOVA and post hoc tests) we utilized the
software of STATIS-TICA (Dell Inc., 2016, Dell Statistica: data analysis software system, version
13, software.dell.com.) and R Platform Software (R-4.2.2 for Windows, with publicly available
libraries and self-written scripts).

Fig. 1. Three distributions varying in skewness. a) A right-skewed distribution where x ̄>Me>Mo. The
red line represents the mean (x ̄), the purple line indicates the median (Me), and the green line
represents the mode (Mo). b) A left-skewed distribution where x ̄<Me<Mo. The red line represents
the mean (x ̄), the purple line indicates the median (Me), and the green line represents the mode
(Mo). c) symmetric distribution with no skewness, black line represents mean, median and mode
which are equal x ̄=Me=Mo.

Fig. 2. Three distributions with varying kurtosis. Platykurtic (kurtosis < 0), leptokurtic (kurtosis > 0),
and mesokurtic (kurtosis = 0). They were color-coded on the plot for clarity: platykurtic in purple,
leptokurtic in red, and mesokurtic in green.

The Gaussian distribution, commonly known as the normal distribution, serves as a fundamental
concept in statistics. Assessing the shape of this distribution and its deviations from normality
involves the examination of two critical parameters: skewness and kurtosis. Skewness measures
the asymmetry of the distribution, assuming a value of 0 for symmetric distributions, a
characteristic feature of the normal distribution. Positive values indicate right-skewness, while
negative values suggest left-skewness. Kurtosis characterizes the peakedness of the distribution,
taking a value of 0 for a Gaussian distribution. Values higher than 0 indicate distributions with
sharper peaks, whereas negative values suggest flatter distributions [1]. Figures 1 and 2 visually
illustrate the differences between distributions, emphasizing these two parameters. In fact, data
in various fields rarely follow a normal distribution [2]. Therefore, it is crucial to find methods of
data analysis that ensure the interpretation of results is as reliable and accurate as possible.

Fig.3. The radar chart of the results of Tukey's test and Bootstrap Boosted Tukey Test for various comparison
types: a) Group 1 and group 3 comparison; b) Group 1 and group 2 comparison; c) Group 2 and group 3
comparison based on the distribution characteristics (right-skewed, left-skewed, symmetrical) along with
their kurtosis and skewness.The closer to the center, the smaller the p-values for both tests, indicating
statistical significance of the results. Conversely, the farther from the center, the larger the p-values,
indicating lack of statistical significance. The blue line represents Tukey's test, while the red line represents
Bootstrap Boosted Tukey Test. Yellow points denote p-values less than 0.05, indicating statistical significance
for those comparisons.
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Bootstrap Efficacy in Handling Skewness and Kurtosis Disparities under

Homogeneous Variance Settings

The simulation was conducted to assess how the bootstrap method performs with distributions of specific
shapes. The variable TG was examined in its original form (leptokurtic right-skewed distribution) and in the
form of randomly generated datasets with specific characteristics (skewness and kurtosis). Datasets were

generated to ensure homogeneous variances in each case. Tukey's test results revealed
significant differences between Group 1 and 2 as well as between Group 1 and 3. Bootstrap-
derived results predominantly exhibited higher P values. For some distributions, the bootstrap
results did not show statistical significance in comparison to the classical approach (Figure 3).
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Participation in the creation of two original scientific articles that are currently being prepared and the original scientific article with my first authorship, which has been submitted to a journal. Currently I am preparing he 
second article, of which I am the primary author. This work will be a part of my doctoral dissertation and will focus on comparing lipid profiles among women and men afflicted with cardiovascular disease, examining 
whether they differ significantly based on BMI classification. All analyses will be conducted using the bootstrap method.


