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Abstract

The study investigates prescription trends and drug composition patterns within the Indian pharmaceutical market using
large-scale pharmaceutical data analytics and machine learning approaches. A comprehensive dataset containing
348,211 pharmaceutical records was utilized to examine prescription dependency, medicine pricing behavior, therapeutic
composition complexity, and pharmaceutical distribution patterns. After preprocessing and cleaning, exploratory data
analysis, statistical modeling, correlation analysis, clustering techniques, and principal component analysis were
employed to identify hidden pharmaceutical patterns and market structures. The findings revealed that prescription
medicines dominate the Indian pharmaceutical sector and exhibit significantly higher pricing structures compared to
non-prescription medicines. Frequently occurring pharmaceutical ingredients such as paracetamol, metformin,
rabeprazole, and pantoprazole indicate strong market demand for medications associated with pain management,
diabetes, and gastrointestinal disorders. The study further demonstrated that medicines with higher composition
complexity generally possess higher average prices, highlighting the influence of therapeutic formulation on
pharmaceutical economics. Clustering analysis successfully identified distinct pharmaceutical market segments based on
pricing behavior, prescription dependency, and ingredient complexity. The results emphasize the growing importance of
healthcare informatics, pharmaceutical analytics, and artificial intelligence in improving pharmaceutical transparency,
healthcare accessibility, and evidence-based decision-making. This research contributes to pharmaceutical informatics
literature by providing a scalable analytical framework for large-scale medicine data exploration within the Indian
healthcare ecosystem.
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1. Introduction

It is worth noting that the Indian pharmaceutical industry has been considered as one of the largest participants of the
global healthcare system due to its robust manufacturing, cheap drug manufacturing capabilities, and fast-growing
healthcare infrastructure. India is known for being the major producer of generic drugs and active pharmaceutical
ingredients used in both national and international healthcare markets. The sector has seen immense development within
the last decade years owing to growing awareness of the need to provide proper healthcare, technological development,
increasing needs of the population, and governmental encouragement to make healthcare more accessible. Efficient
operation and development of pharmaceutical companies have also improved the competitive position of the Indian
pharmaceutical market in the global economy (Sharma & Modgil, 2020). Furthermore, the pharmaceutical sector
encounters such emerging challenges as innovation, sustainability, health regulation, and patient-focused pharmaceutical
services in the rapidly changing healthcare sector in India (Festa et al., 2022).

The digitalization process of healthcare has resulted in a large amount of healthcare data, which gives rise to a lot of
opportunities in the domain of healthcare informatics and pharmaceutical analysis. Informatics in the field of healthcare
is a set of computational and mathematical techniques used to improve healthcare decision-making, management, and
pharmaceutical intelligence (Awrahman et al., 2022). The growing number of pharmaceutical datasets, information about
patients' medication, and prescriptions creates the opportunity to conduct research on analyzing information related to
medicines in an unprecedented scale. In addition, there is an emerging area in informatics called pharmacy informatics,
which is aimed to support healthcare professionals in prescribing drugs and optimizing medication management systems
in hospitals and pharmaceutical businesses (Chalmers et al., 2018). These developments create conditions for conducting
research focused on finding hidden correlations within the field of pharmaceutical analysis.

One of the major concerns regarding pharmaceutical drugs that require continuous monitoring and attention is the issue
ofrational drug consumption. The issue of prescription-based drug monitoring is important because of the potential danger
to human health in case of improper drug prescriptions and consumption of medication. Prescription drug monitoring
allows to monitor trends of drug use and to assess whether any drug presents a high risk for users. It was found in previous
studies that prescription monitoring systems may help decrease the prevalence of drug abuse in various settings (Horwitz
et al., 2021). Similarly, many systemic studies showed that prescription drug monitoring programs were successful in
reducing the occurrence of fatal and non-fatal drug overdoses through proper healthcare and pharmaceutical management
(Fink et al., 2018).

Medicine composition analysis is another important tool in pharmaceutical research and healthcare decision-making in
addition to the prescription analysis. Medicines comprise many ingredients and combinations that affect their efficacy,
categorization, and pricing. Big-data computational analysis of the compositions of medicines helps with developing
recommendations regarding drug use, substitution, and innovations in pharmaceuticals (Devaraji et al., 2024). Moreover,
healthcare specialists tend to use data-driven approaches to making medical decisions (Masic, 2022). With the
development of machine learning algorithms, it became possible to enhance the capabilities of intelligent systems in
analyzing pharmaceutical information, detecting patterns, and identifying medicines (Jayatilake & Ganegoda, 2021).
Despite these recent developments, there appears to be a lack of studies dedicated to conducting comprehensive analyses
of pharmaceutical big data. The existing literature focuses mainly on operational efficiency, policies, management issues,
and other similar topics. Limited research exists in pharmaceutical data mining and analytics in the field of medicine
compositions (Mulinari et al., 2021). Moreover, as pharmaceutical information becomes more and more complicated, it
causes problems with medicine classification, healthcare decisions, and pharmaceutical transparency. Hence, the purpose
of this study is to conduct an analysis of pharmaceutical data to detect medicine compositions and prescription trends
among Indians. Hopefully, this research will make a certain contribution to the literature on pharmaceutical informatics
and help healthcare specialists, policy-makers, and companies develop healthcare strategies.

Research Objectives

1. To analyze prescription trends and distribution patterns among pharmaceutical products in the Indian pharmaceutical
market using large-scale medicine datasets

2. To investigate the diversity and structural relationships of drug compositions across different therapeutic and
prescription-based medicine categories

3. To evaluate the association between prescription requirements, medicine composition, and pricing patterns through
data-driven pharmaceutical analytics techniques

2. Methodology

2.1 Research Design

In this case, this particular research has been conducted using an explorative approach together with a quantitative design
for analyzing the patterns of prescribing and medication composition in the Indian pharmaceutical industry. This is
achieved through analyzing the links between prescription, medication composition, and cost structures using
pharmaceutical data. In this regard, an analytical approach that was based on the use of data was adopted for developing
some insight into pharmaceutical data.

Volume-11] Issue-2 | June, 2025 21



GREEN
h PUBLICATION International Journal For Research in Biology and Pharmacy ISSN: 2208-2093

2.2 Dataset Description

The dataset utilized in the research was acquired from a free Indian pharmaceuticals database that contains around 348,000
medicine records. The dataset consists of key features such as the medicine name, whether it requires a prescription to be
purchased, the price of the drug, its composition, type of medicine, and details related to the product. Such characteristics
allow us to create a representative data set on medicines in India.

2.3 Data Preprocessing

The data was preprocessed to ensure high quality and validity. Duplicates and redundant records were deleted from the
dataset to make it more consistent. Missing observations in the dataset were filled with suitable values especially those
missing from the critical columns of the dataset including composition and pricing. The medicines were coded with proper
naming conventions and standardized with text normalization and categorizing coding techniques.

2.4 Data Analysis Techniques

EDA along with other statistical methods were implemented to understand the prescription trend and composition pattern
in the given dataset. Various descriptive statistics and correlation techniques have been used to explore the relationship
between prescription status, cost of medicines, and drug compositions. NLP approaches were applied to extract useful
insights about compositions and discover the common ingredients of pharmaceuticals. Moreover, clustering methods have
been used for clustering the medicines according to their similar compositions and treatment features.

2.5 Tools and Ethical Considerations

The analysis was performed through the use of Python programming language, which included data science libraries like
Pandas, Numpy, Scikit-learn, Matplotlib, and Seaborn. Such software aided in analyzing large amounts of pharmaceutical
data. As a result of using the pharmaceutical data that is available to the public and free from any personal details about
the patients, the study did not raise ethical issues regarding privacy and confidentiality.

3. Results

3.1 Prescription Distribution Analysis

After cleaning the dataset, the number of medicine records was found to be 241,920. Analysis showed that the Indian
pharmaceutical industry is strongly biased towards the use of prescribed medicines. As shown in Table 1 below, there
were 240,349 medicines which had to be prescribed, while just 1,571 medicines were regarded as non-prescribed
medicines.

Table 1: Distribution of Prescription and Non-Prescription Medicines

Medicine Category Frequency
Prescription Required 240,349
Non-Prescription 1,571

Total 241,920

3.2 Medicine Price Analysis

The descriptive statistics of medicine prices revealed high variations among pharmaceutical drugs. The skewed price
distribution had been attributed to some extreme values. However, upon elimination of outlier observations based on IQR,
there were 226,572 observations, thus a better price distribution. From Table 2 below, the average medicine price
excluding the outliers is ¥95.85, while the prices range from 0 to 3287.

Table 2: Descriptive Statistics of Medicine Prices After Outlier Treatment

Statistic Value
Count 226,572
Mean Price 95.85
Standard Deviation 60.82
Minimum Price 0.00
25th Percentile 51.00
Median Price 82.00
75th Percentile 131.00
Maximum Price 287.00
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Figure 1: Distribution of the Top 10 Most Common Medicine Types in the Indian Pharmaceutical Market

Figure 1 illustrates the most frequently occurring medicine types identified within the dataset. The results indicate the
dominance of tablet-based pharmaceutical formulations across the Indian market, while also reflecting dataset-level
manufacturer-associated textual variations within medicine type classifications.

3.3 Pharmaceutical Composition Analysis

In the study conducted on the pharmaceutical composition, the following were the major drugs found in the
pharmaceutical industry in India. In accordance to the results provided in Table 3, the leading drug was paracetamol,
which was followed by metformin, rabeprazole, serratiopeptidase, and pantoprazole. The above results show that pain
relief medications, diabetes drugs, gastroenterology drugs, and respiratory drugs form the majority of the pharmaceutical
market.

Table 3: Top 10 Most Frequent Pharmaceutical Ingredients

Rank Pharmaceutical Ingredient Frequency
1 Paracetamol 19,598
2 Metformin 8,405
3 Rabeprazole 6,587
4 Serratiopeptidase 5,590
5 Pantoprazole 5,477
6 Montelukast 3,905
7 Lactobacillus 3,071
8 Methylcobalamin 2,727
9 Ornidazole 2,579
10 Nortriptyline 2,375
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Figure 2: Top 10 Most Frequent Pharmaceutical Ingredients in the Indian Pharmaceutical Market
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Figure 2 illustrates the most frequently occurring pharmaceutical ingredients identified within the dataset. Paracetamol
and metformin emerged as the dominant compounds, indicating high demand for pain management and diabetes-related
medications.

3.4 Comparative Analysis of Prescription and Non-Prescription Medicines

Statistical comparisons showed that there existed significant price variations in both prescription and non-prescription
medications. From Table 4 below, it was observed that prices for prescription drugs were much higher (Mean = %96.30)
than non-prescription drugs (Mean = %30.11). The significance of the price variation between the two drug types was
supported by the Mann-Whitney U test (p < 0.001).

Table 4: Comparative Price Analysis of Prescription and Non-Prescription Medicines

Variable Prescription Medicines Non-Prescription Medicines
Sample Size 225,036 1,536
Mean Price 96.30 30.11
Median Price 83.00 17.00
Statistical Test - Mann—Whitney U Test
P-value - <0.001
250 T
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Figure 3: Comparative Price Distribution of Prescription and Non-Prescription Medicines

Figure 3 presents the pricing variability between prescription and non-prescription medicines. Prescription medicines
demonstrate substantially higher median prices and broader price dispersion, whereas non-prescription medicines exhibit
lower and more concentrated pricing patterns, highlighting significant economic and therapeutic differences between the
two pharmaceutical categories.

3.5 Correlation and Composition Complexity Analysis

Feature engineering methods were used to determine the level of complexity of drug composition based on the
computation of the number of ingredients within each medicine. Based on the results of correlation analysis found in
Table 5, there is a significant positive association between raw price and logarithm price (r = 0.91). Moreover, a weak
positive relationship exists between the number of ingredients and price (r = 0.17), suggesting that medicines with multiple
ingredients are generally more expensive.

Table 5: Correlation Matrix of Pharmaceutical Variables

Variables Price | Log Price | Ingredient Count Prescription Flag
Price 1.00 0.91 0.17 0.09
Log Price 0.91 1.00 0.19 0.14
Ingredient Count 0.17 0.19 1.00 0.06
Prescription Flag 0.09 0.14 0.06 1.00
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Figure 4: Correlation Matrix of Pharmaceutical Variables

Figure 4 presents the correlation relationships among medicine price, log-transformed price, ingredient count, and
prescription status. A strong positive correlation exists between price and log-transformed price, while ingredient count
demonstrates a weak positive association with medicine pricing and prescription dependency.

Table 6: Composition Complexity and Average Medicine Price

Number of Ingredients Average Medicine Price
86.00

103.00

111.00

109.00

133.00

201.00

213.00

170.00

238.00

229.00

O| 0| Q||| KW —

—_
=]

3.6 Clustering and PCA Analysis

K-Means Clustering Analysis was employed to uncover the latent patterns in pharmaceutical data. Using the log
transformation on the price, composition complexity, and prescription variable, K-Means algorithm revealed three
different types of pharmaceutical products in the sample. As can be seen in Table 7, Cluster 0 included cheaper prescription
pharmaceutical products with relatively simple compositions, while Cluster 1 comprised relatively expensive
pharmaceutical products with relatively complex compositions.

Table 7: Cluster Summary of Pharmaceutical Products

Cluster Average Price Average Ingredient Count Prescription Flag
Cluster 0 82.13 1.07 1.00
Cluster 1 111.66 2.29 1.00
Cluster 2 30.11 1.10 0.00

Table 8: Distribution of Pharmaceutical Clusters

Cluster Number of Medicines
Cluster 0 117,075
Cluster 1 107,961
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| Cluster 2 | 1,536

Afterwards, Principal Component Analysis (PCA) was performed for reducing feature dimensions and creating clustering
patterns. The first two principal components accounted for about 73.8% of the total variance present in the data set,
reflecting significant representation of clusters.

Table 9: PCA Explained Variance Ratio

Principal Component Explained Variance Ratio
PCA 1 0.423
PCA2 0.314
Total Explained Variance 0.738

4. Discussion

The results obtained from this study are of great importance in providing information about prescription patterns, medicine
price behaviors, and pharmaceutical compositions within the Indian pharmaceutical market. It was discovered that
prescription medicines form the largest part of pharmaceutical products in this country's pharmaceutical sector. The
outcome is consistent with other research which demonstrates a growing tendency toward the utilization of clinically-
regulated medicines due to an increasing degree of intricacy of the pharmaceutical industry and healthcare system (Rani,
2020). Therefore, there is a need for enhanced pharmaceutical governance, effective regulation, and supervision within
the healthcare system, which ensures safe practices and minimizes improper consumption of prescribed medicines
(Dhiman et al., 2019).

Significant differences were also identified between prescription and non-prescription medicines with regard to the prices
and distribution processes within the Indian pharmaceutical industry. More precisely, prescription medicines had higher
mean prices and larger pricing ranges than their counterparts. Such patterns are confirmed by other studies which
demonstrate that medicines requiring prescriptions are more complicated and involve advanced manufacturing procedures
and technologies (Ozawa et al., 2022). Over-the-counter medicines usually target common conditions that are easy to
diagnose, which implies cheaper and less diverse pricing strategies for such pharmaceuticals (Kim et al., 2018).
Differences established using the Mann-Whitney U test prove a significant difference between the studied groups.

As per the findings of the composition analysis, pharmaceuticals such as paracetamol, metformin, rabeprazole,
pantoprazole, and montelukast comprised some of the most common ingredients across the dataset (Luo et al.,2020). This
is an indication of high demand for medicines used to treat pain, diabetes, stomach-related ailments, and respiratory
problems. Global pharmaceutical market research studies have revealed the same consumption pattern whereby chronic
diseases and universal illnesses have influenced pharmaceutical usage (Gonzalez Pena et al., 2021). In addition, the
frequent use of multi-ingredient medicines points to the increasing use of pharmaceutical medicines within modern
healthcare systems.

A key contribution of the study was the discovery of the correlation between the price and number of ingredients of
medicines. Higher average medicine prices were reported in pharmaceutical products with a large number of active
ingredients. However, there was only a moderate correlation between medicine ingredient counts and medicine price. The
results are consistent with existing literature in which pharmaceutical composition and combination of treatments have
influenced functionality, efficacy, and usage (Vich Vila et al., 2020). Furthermore, the composition and combination of
drugs might involve a more complicated pharmaceutical production process hence influencing pharmaceutical pricing.
The results of clustering further provided information about hidden market segments in India's pharmaceutical industry.
There were three primary clusters according to the clustering exercise. The first major grouping was prescription
medicines with simpler ingredients (Kohli and Gill,2020). The second cluster included pharmaceutical products that were
expensive and complex in nature. The third cluster consisted of over-the-counter drugs with lower complexity and price
points. The study findings indicate that pharmaceutical products can be classified into different groups by applying data-
driven analysis models. Other researchers have noted that the role of machine learning and data analytics in optimizing
the pharmaceutical industry is on the rise (Nguyen et al., 2022).

The use of machine learning techniques, clustering algorithms, and dimensionality reduction in this research shows the
potential role of artificial intelligence in healthcare analytics and pharmaceutical informatics (Bhabad et al., 2023).
Nowadays, artificial intelligence and healthcare informatics significantly influence the transformation of pharmaceutical
research, including development of predictive analytics, automated medicines classification, and intelligent healthcare
decision support systems (Arun, 2023). Recently, systematic reviews showed that modern Al-based systems were
extremely important for healthcare systems because they help to achieve pharmaceutical intelligence, optimize treatments,
and analyze huge amounts of healthcare data (Hasan et al., 2023). Machine learning approaches become very important
for pharmaceutical industries, especially when it comes to drug design, development of recommendation systems and
healthcare innovations (Selvaraj et al., 2022).

It is essential to note some implications that can affect sustainability of healthcare and pharmaceutical market in general.
The growing popularity and demand of pharmaceutical products cause serious worries about environmental sustainability,
pharmaceutical pollution, and proper medicine waste management. As it is proven by the previous researches,
pharmaceutical products manufacture and consumption significantly contribute to environmental loading of active
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pharmaceutical ingredients into water and wastewater streams (Kleywegt et al., 2019). Therefore, information on
pharmaceutical market distribution and composition may help to develop more sustainable approach to pharmaceutical
industry and healthcare in general.

In spite of the contribution made by the study, there are some limitations that should be mentioned. Firstly, there were
problems with data formatting, which were associated with medicine type category that included manufacturers' data
combined with medicine description. Secondly, it was impossible to analyze patients' health data, which included
effectiveness of dosage, treatment results, and therapeutic efficiency of particular medicines. In order to conduct more
complicated analysis, it is necessary to introduce information on electronic health records, prescriptions, and clinical
efficacy of different medicine types.

Thus, this research shows the importance of pharmaceutical data analytics, statistical modeling, and machine learning
techniques that help to detect prescription patterns and drug composition patterns within the Indian pharmaceutical
market. The study contributes to the field of pharmaceutical informatics. Moreover, the research provides some practical
implications that may interest healthcare professionals, pharmaceutical companies, regulators, and policymakers. The
combination of healthcare analytics and artificial intelligence will be able to play an important role in future.

5. Conclusion

Pharmaceutical trends and composition of medicines were investigated in the Indian pharmaceutical market employing
big data analytics and machine learning models. Results have demonstrated the dominating role of prescription medicines
in the pharmaceutical sector, being characterized with notably higher prices and variability in comparison with other kinds
of medicines. In addition, commonly used pharmaceutical ingredients have been detected which correspond to some
health problems such as pain control, diabetes, gastroenterological disorders, and respiratory diseases. Moreover, it was
found out that medicines composed of several active ingredients tend to be priced higher than the ones with a single
ingredient. Correlation analysis, clustering methods, and PCA allowed identifying certain pharmaceutical segments that
differ with the degree of prescription drugs usage, composition complexity, and price levels. It is apparent that the roles
of healthcare informatics and artificial intelligence keep growing in order to develop and sustain data-oriented healthcare
system and pharmaceutical intelligence. This study adds up to pharmaceutical informatics research by presenting a large-
scale pharmaceutical analysis model. Furthermore, its practical value can be seen in facilitating data-driven
pharmaceutical activities in India.
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