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Abstract— Clinical trials are foundational to modern medicine, offering empirical evaluations of treatment safety and
efficacy. This study analyzes a synthetic dataset of 1,000 participants across different treatment groups—Drug A, Drug B, and
Placebo—to evaluate health outcomes including blood pressure, cholesterol levels, and adverse events. Using Python, we

perform statistical and visual analyses to identify trends, group differences, and potential treatment benefits. The approach
highlights how simulated clinical data can be used for educational, analytical, and methodological testing purposes.

l. INTRODUCTION

Clinical trials test the effectiveness and safety of new medical treatments before they are widely prescribed. With the growing
complexity of trials and patient diversity, analyzing trial data has become critical for identifying not just outcomes but patterns
in treatment effects. This paper focuses on evaluating treatment efficacy using a synthetic dataset, which, though simulated,
mirrors real-world patient profiles and responses.

. LITERATURE REVIEW

Clinical trial analysis methods have evolved from basic descriptive statistics to complex multivariate models. According to
Pocock (1983), randomization and control groups are crucial for unbiased results. More recent studies (FDA, 2021) emphasize
the value of synthetic data in training and validating analytical tools, especially where privacy concerns restrict access to real
data. Synthetic datasets, such as the one used in this study, have gained popularity for benchmarking and educational purposes
(Topol, 2019).

1. METHODOLOGY
e Dataset: 1,000 patient records from a synthetic clinical trial.
e Tools: Python (pandas, seaborn, matplotlib, numpy)
e  Approach:
1. Load and clean the data.
Descriptive statistics by treatment group.
Compare dropout and adverse event rates.

Visualize blood pressure and cholesterol differences.
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Discuss implications and draw conclusions.

V. DATASET DESCRIPTION

The dataset includes the following columns:
e Subject_ID, Site_ID: Identification variables
e Age, Gender: Demographics
e Enrollment_Date: Trial start date
e Treatment_Group: Drug A, Drug B, Placebo
e Adverse_Events: Number of adverse events reported
e Dropout: 1 if patient dropped out, 0 otherwise

e Systolic_BP, Diastolic_BP: Blood pressure readings
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e Cholesterol_Level: Measured in mg/dL

V. PYTHON RESULTS & DISCUSSION
We begin by analyzing treatment group distribution and calculating descriptive statistics.
Here are the key findings from the statistical summary:
5.1 Treatment Group Distribution:
e Placebo: 363 participants
e Drug B: 326 participants
e Drug A: 311 participants

5.2 Clinical Metrics (Averages)

| Group H Systolic BP || Diastolic BP || Cholesterol || Adverse Events || Dropout Rate I
| DrugA || 12005 | 80.33 | 19918 || 1.12 | 14% |
| DrugB || 11021 | 80.25 | 19956 | 0.95 | 18% |
| Placebo || 11940 | 80.01 | 20203 | 1.07 | 15% |
Insights:

o Drug A shows slightly higher blood pressure control but more adverse events.
e Drug B has the lowest adverse events, suggesting better tolerability.

e The Placebo group has the highest cholesterol levels, potentially validating the efficacy of the drugs.

Let’s now visualize blood pressure distributions across treatment groups.

Systolic Blood Pressure by Treatment Group Diastolic Blood Pressure by Treatment Group
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These boxplots show:
e Systolic BP has a slightly tighter range in the Drug A group.
o Diastolic BP is fairly consistent across groups but slightly lower in the Placebo group.
e Outliers are present in all groups, common in clinical data.

Let’s also explore cholesterol levels and adverse events distribution.
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Cholesterol Levels hy Treatment Group Adverse Events by Treatment Group
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The visualizations further support our findings:
e Cholesterol levels are slightly lower in Drug B participants, indicating potential benefit over Placebo.

o Adverse events are lowest in Drug B, highest in Drug A, showing a possible trade-off between efficacy and side
effects.

VI. CONCLUSION
This study demonstrates the power of Python in analyzing clinical trial data using a synthetic dataset. Key insights include:

e Drug B may offer the best combination of efficacy and tolerability, showing lower adverse events and cholesterol
levels.

e Drug A slightly reduces blood pressure more than the other groups but at the cost of more side effects.
e The Placebo group had the highest cholesterol and similar blood pressure, reinforcing drug efficacy.
While based on synthetic data, this analysis mirrors real-world trial practices and highlights how such datasets can aid in
education, methodology testing, and software development.
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