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ABSTRACT:- 

Forecasting the demand for pharmaceuticals is essential for guaranteeing the availability of 

medications, minimizing waste and enhancing supply chain effectiveness in healthcare 

systems. In recent times, machine learning (ML) methods have surfaced as effective 

instruments for tackling the intricate and nonlinear traits of pharmaceutical demand. The study 

shows a swiftly expanding collection of studies in this domain, featuring algorithms like long 

short temporal memory networks, random forests, artificial neural networks, extreme gradient 

Boosting and linear regression are commonly used for predicting pharmaceutical demand. 

These machine learning methods exhibit enhanced proficiency in identifying nonlinear trends, 

seasonal effects, and intricate patterns and demand fluctuations. The results provide important 

perspectives for investigators and professionals aiming to create enhanced, scalable, and 

comprehensible prediction models for managing pharmaceutical supply chains. 
 

Keywords: Machine learning, pharmaceutical demand forecasting, bibliometric analysis, 
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1. INTRODUCTION 

In the healthcare industry, guaranteeing the 

accessibility of pharmaceutical inventory is 

a significant issue that demands both 

efficiency in costs and sustainability in 

sourcing and consumption. A significant 

challenge in this area is demand 

uncertainty, which makes inventory 

management more challenging and 

necessitates evaluation of multiple risk 

factors when assessing upcoming needs. As 

a result, predicting demand has emerged as 

a crucial resource in healthcare logistics 

and supply operations of the chain. 

Predictive techniques are growingly 

significant across sectors, especially in 

pharmaceutical supply chains, in which 

mathematical frameworks are employed to 

anticipate inventory patterns. The models 

often incorporate variables such as the 

number of healthcare facilities, patient 

counts, and daily consumption fluctuations 

to mitigate demand uncertainty. 

Forecasting is now recognized as a strategic 

tool in sales and operations planning, 

enabling adjustments to production 

capacity, strategic positioning, and 

budgeting. 

In spite of its extensive use, predicting in 

the pharmaceutical sector faces distinct 

obstacles due to the sector's vulnerability to 

shifts in political, social, and economic 



circumstances. Precise prediction is vital 

for efficient planning and distribution of 

resources, particularly in 

pharmaceutical supply chains, in which 

discord exists between Supply and demand 

can result in significant repercussions. 

These outcomes involve interruptions in 

patient treatment, inefficiencies in 

medication distribution, and possible public 

health dangers. At present, numerous 

healthcare organizations depend on basic 

prediction techniques, like projecting 

yearly request based on typical monthly 

consumption. Even though it's 

straightforward, this method frequently 

produces incorrect estimates, leading to two 

main problems: excess inventory and 

shortages. Excess inventory results in 

medication expiration and waste, whereas 

shortages for patients from obtaining 

essential medications. Both situations lead 

to significant losses, including expenses 

related to disposal and urgent acquisition, 

along with intangible materials outcomes, 

such as endangered patient safety and 

reduced confidence in healthcare systems. 

Considering the financial and operational 

risks linked to unsatisfactory drug demand 

forecasting, there is an urgent requirement 

for more precise and adaptive prediction 

models. Current progress in artificial 

intelligence (AI) and machine learning 

(ML) have employed advanced methods 

that tackle the constraints of conventional 

statistical models. These methods involve 

linear regression (LR), decision trees, 

support vector machines (SVMs), random 

forests (RFs), neural networks with 

recurrent connections networks (RNNs) 

and long-term short-term memory (LSTM) 

networks. Time series prediction continues 

to be a fundamental method for forecasting 

demand, depending on historical 

information gathered at consistent intervals 

to predict future trends. Nonetheless, the 

intricacy of pharmaceutical demand, 

marked by non-linear trends, seasonal 

variations, and outside disturbances, 

require stronger models. ML methods, 

especially those adopt at managing 

extensive datasets and seizing complex 

temporal patterns, provide encouraging 

options. 

Recent studies emphasize new 

developments in AI and ML inside the 

pharmaceutical industry. Significant 

contributions incorporate an analysis of 

existing and upcoming trends in AI and LR 

for securing pharmaceutical supply chains, 

a bibliometric analysis. Summary of 

computer-assisted medication design, an 

analysis of modelling and a bibliometric 

study in healthcare applications utilizing 

AI. Furthermore, research has analysed 

bibliometric study of healthcare supply 

chain opportunities and obstacles, an 

analysis of social networks in Drug 

discovery and development powered by AI, 

along with a LR. 

 

This analysis thoroughly assesses the use of 

LR to medicinal forecasting demand 

through integration bibliometric 

examination with an assessment of the used 

forecasting techniques, a blend seldom 

discussed in the current research. In spite of 

the increasing adoption of LR algorithms 

like LR, LSTM, AI, and RF, recent research 

frequently falls short methodological 

combination that links algorithmic 

performance in conjunction with wider 

research patterns and themes development. 

This gap restricts the capacity to recognize 

systemic strengths, shortcomings, and 

chances for innovation in predictive 

accuracy, adaptability, and scalability. By 

charting academic contributions and 

contrasting data sources and algorithmic 

methods, this examination aims to reveal 

these shortcomings and suggest future 

research paths to promote management of 

healthcare supply chains via stronger, 

strategies based on data that reduce demand 

unpredictability and enhance drug 

distribution efficiency. 



"Demand Forecasting" is organized in this 

manner: ("LR" OR "machine intelligence" 

OR "advanced learning" OR "neural 

networks" "network" OR "forecasting 

model" OR "information extraction") AND 

("prediction of pharmaceutical demand" 

OR "medication demand") "forecasting 

demand for medicine" OR "prediction for 

medicine demand" OR "forecasting 

medication availability" OR "drug supply" 

"drug distribution" OR "pharmaceutical 

sales prediction"). This framework 

integrates synonyms and placeholders to 

guarantee thorough collection of pertinent 

research studies while preserving 

concentrate on LR methods and drug 

demand predicting. Modifications can be 

implemented as necessary to fulfill the 

particular database syntax demands. 

 

Inclusion criteria consist of studies using 

LR or AI methods to predict or project 

pharmaceutical demand, based on historical 

data regarding sales, usage, or distribution 

of pharmaceuticals. Qualified projects 

include empirical studies, modelling, case 

analysis, or thorough evaluations published 

in reputable journals, conference papers, or 

technical reports, preferably from the last 

decade and written in English or 

Indonesian. Criteria for exclusion remove 

research that disregards AI-driven forecasts 

focus on non-pharmaceutical sectors, 

investigate supply chain ideas without 

predictive modelling, or are opinion or 

editorial pieces lacking practical analysis.  

2. BIBLIOMETRIC APPROACH 

In general, the research adds to the current 

understanding by combining 

methodological perspectives with 

bibliometric patterns examination. The 

Boolean search strategy concerning the 

subject "LR Pharmaceutical" "Demand 

Forecasting" is arranged in this manner: 

("LR" OR "AI" OR "machine learning" OR 

"neural networks" "network" OR 

"forecasting model" OR "data analysis") 

AND ("forecasting pharmaceutical 

demand" OR "demand for drugs") 

"forecasting medicine demand" OR 

"prediction" OR "forecasting medication 

availability" OR "drug supply" "drug 

distribution" OR "forecasting medication 

sales"). 
 

The framework integrates synonyms and 

placeholders to guarantee thorough 

collection of pertinent research while 

preserving concentrate on LR methods and 

medication demand predicting. Changes 

can be implemented as necessary to satisfy 

the particular database syntax 

specifications. Inclusion criteria include 

studies that employ LR or AI. Techniques 

for predicting or anticipating drug demand, 

utilizing past data regarding sales and 

usage. 

 

Exclusion criteria remove research that 

excludes AI-driven predictions concentrate 

on non-pharmaceutical industries, examine 

supply chain principles without predictive 

modelling. The rising significance of LR in 

drug forecasting, probably influenced by 

worldwide health issues and the need for 

increased precise forecasting instruments in 

supply chain management. This pattern 

underscores upcoming investigations 

chances, especially in enhancing ML 

models and combining actual 

pharmaceutical information to create 

enhanced strong prediction strategies. 

 

ML has transformed into a crucial element 

of predicting pharmaceutical demand. Its 

execution is essential for the 

pharmaceutical supply network, which 

encounters challenges like varying demand, 

stock levels obstacles in administration and 

adherence to regulations specifications. 

These issues demand advanced solutions. 

To improve precision and effectiveness. A 

notable element of applying ML in 

predicting pharmaceutical demand is its 

capacity to compile and examine extensive 

quantities of historical sales figures, 



seasonal patterns, socio-economic 

influences, and healthcare data. For 

example, algorithms including time-series 

analysis, regression models, and neural 

Networks have demonstrated a substantial 

enhancement in demand. Forecast precision 

while reducing shortages and excess 

inventory. 

The incorporation of predictive analytics 

driven by ML enhances resource efficiency 

and medication compliance. Deploying 

sophisticated systems like ERP solutions 

combined with ML, pharmaceutical firms 

can improve operational effectiveness and 

guarantee the prompt accessibility of drugs, 

ultimately leading to better patient 

outcomes. 

 

Another vital aspect of investigation into 

ML applications in pharmaceutical needs 

forecasting prioritizes clarity and 

responsibility. ML leads the way in 

forecasting demand within the 

pharmaceutical sector because it tackles the 

sector's fundamental complexities, 

encompassing unpredictable demand, strict 

regulations, and stock levels challenges. Its 

capability to combine various datasets, 

from past sales to socio-economic and 

health metrics, develops dynamic models 

that exceed conventional stationary 

techniques. 

Medication supply chains are naturally 

intricate, shaped by elements like 

compliance obligations, fluctuations in 

demand, and supply chain management 

difficulties. The successful use of 

predictive analytics via ML algorithms 

provides revolutionary capability for 

predicting demand, managing risks, and 

inventory enhancement. Accurate demand 

forecasting is essential for the sustainability 

of pharmaceutical supply chains. Through 

the use of ML algorithms, pharmaceutical 

companies can more effectively adjust their 

manufacturing capacities to match current 

demand, thus lowering both excess 

inventory and out-of-stock scenarios. 

Stochastic optimization and model 

applications provide strategic benefits for 

tackling operational doubts in the 

pharmaceutical industry.  

Supply chain management plays a crucial 

role in the pharmaceutical industry. 

Operations as it supports the industry's 

capacity to makeover regulatory 

limitations, fluctuations in demand, and 

logistical issues complications. It is deeply 

connected with topics like predictive 

modelling and LR. AI-based predictions 

improve stock management enhancement, 

hazard forecasting, and interruption 

control, while integrating blockchain 

guarantees clarity and information honesty 

throughout exchanges. 

 

The incorporation of LR (ML) methods into 

pharmaceuticals forecasting demand is 

anticipated to improve operational 

effectiveness and encourage sustainable 

supply chain methods, making certain that 

patients have access to medications while 

reducing waste and expenses. Initially, the 

requirement for sustainability in 

pharmaceutical demand prediction 

highlights the essential importance of 

precise forecasts in overseeing medication 

inventory. 

 

Efficient pharmaceutical measurement is 

crucial in lowering expenses and 

streamlining inventory control. This 

necessity is vital in healthcare systems, 

where medication Scarcity can lead to 

serious repercussions. The incorporation of 

AI and ML is crucial for improving 

forecasting precision, thus promoting 

sustainability through enhanced resource 

management and reducing waste. Through 

the use of sophisticated algorithms, 

pharmaceutical firms can more precisely 

predict demand fluctuations and modify 

stock levels accordingly, thus reducing the 

risk of shortages or excess inventory. 



Sustainability is a key emphasis in 

pharmaceutical demand. Predicting due to 

its focus on the sector's urgent requirement 

to equilibrate resource efficiency, ethical 

duty, and safeguarding patient well-being 

in the face of increasing demand and 

regulatory pressures. This topic is 

intricately connected with LR and supply 

chain management, utilizing sophisticated 

ML-driven prediction models facilitate 

accurate inventory management, 

minimizing waste and guaranteeing prompt 

access to medication. 

 

In the meantime, eco-friendly supply chain 

practices reduce ecological footprint and 

efficiency expenses. From a 

methodological perspective, sustainability 

encourages the implementation of 

Analytics powered by AI, immediate data 

integration, and regulatory-oriented 

structure that enhance resource distribution 

and improve system robustness. In practice, 

these innovations promote open, 

cooperative frameworks that reduce 

deficiencies, avert excess inventory, and 

maintain ethical criteria, ultimately 

fostering a more accountable and flexible 

pharmaceutical landscape in harmony with 

worldwide sustainability objectives. 

 

3. METHODS USED FOR 

FORECASTING 
 

Methods of Forecasting Utilized in 

Forecasting Pharmaceutical Demand via 

LR. Methods utilized in pharmaceutical 

drug demand, spanning from traditional 

statistical models to sophisticated LR 

algorithms. Some of the most commonly 

used techniques are RF, LSTM, ANN, 

XGBoost, and LR. The choice of 

forecasting techniques is mainly affected 

due to the characteristics of the dataset and 

the intricacy of demand designs. Less 

complex models, like LR, are frequently 

used for datasets exhibiting linear trends.  

 

LR models were especially appreciated for 

their versatility and accuracy in managing 

fluctuations and unpredictability in 

pharmaceutical demand predicting. This 

variety in methodologies emphasizes the 

significance of customizing forecasting 

methods for particular data attributes and 

functional needs to attain the most precise 

forecasting results. 

 

3.1 The long short-term memory 

LSTM networks offer significant benefits 

for represent intricate time-related trends 

because of their capacity to understand 

nonlinear connections and flexibly adjust to 

variables like market trends, seasonal 

variations, and economic signs. 

 

For example, conventional statistical 

techniques frequently do not reflect the 

complex interactions of pharmaceutical 

need. Research comparisons consistently 

show that LSTM networks surpass 

conventional models, like ARIMA, 

especially with the inclusion of external 

variables in the prediction process, leading 

to improved precision. 

 

The effectiveness of LSTM models is 

further improved when merged with outside 

factors. Including factors like marketing 

efforts, marketplace circumstances, and 

wider economic metrics greatly enhances 

the precision and reliability of LSTM 

models. This integration showcases the 

increasing acknowledgment within the 

pharmaceutical sector of the necessity to 



implement thorough data sets to enhance 

demand forecasts.  

 

Embracing LR methods, especially LSTM, 

has resulted to significant enhancements in 

prediction accuracy, thus assisting in 

alleviating typical interruptions in 

pharmaceuticals logistics networks. 

Highlighting the transformative capabilities 

of AI and LR in the health and 

pharmaceutical industries, indicating that 

enhanced Forecasting demand can improve 

the accessibility of medications and results 

for patients. 

 

Moreover, LSTM's flexibility goes beyond 

simple demand forecasting; it can be 

customized to enhance efficiency across 

various forms of medicinal products 

through modifying its structure and 

adjusting training parameters. The 

flexibility renders LSTM a useful and 

tactical instrument in pharmaceutical 

supply chain management and the 

enhancement of healthcare for patients. 

A crucial discovery from the conversation 

is that LSTM networks exceed the 

performance of conventional statistical 

models like ARIMA in forecasting demand 

for pharmaceuticals but also exhibit 

transformative abilities when incorporated 

involving external factors, like marketing 

campaigns and economic metrics. This 

collaboration allows LSTM models to 

flexibly adjust to intricate, nonlinear market 

behaviours, greatly improving prediction 

precision and robustness in opposition to 

supply chain interruptions. Their design 

and construction flexibility to various types 

of pharmaceutical products additionally 

highlights their strategic importance, 

reinforcing LTSM as a foundational 

technology in the advancement of data-

oriented medical logistics and enhancement 

of patient care. 

 
 

3.2 Artificial neural networks 

ANN has received growing 

acknowledgment for its efficiency in 

forecasting demand for pharmaceuticals. 

The incorporation of AI and ML, such as 

ANNs, within forecasting systems 

possesses considerable capacity to improve 

precision, streamline stock levels and 

enhance overall supply chain effectiveness 

in the drug industry. 

 

Generalized Regression Neural Network 

(GRNN), and Probabilistic Neural 

Networks (PNNs) are frequently utilized 

for forecasting pharmaceutical data in time 

series. These models identify nonlinear 

connections within the data, allowing more 

accurate demand forecasts than 

conventional statistical techniques. 

Additionally, the research highlights the 

benefits of deep learning methods, a 

progression of ANN that can enhance 

prediction precision by revealing intricate 

information trends that less complex 

models frequently miss. 

 

The revolutionary impact of AI and ML in 

improving medication demand prediction 

in public medicinal frameworks. Predictive 

models can enhance expenses 

effectiveness, availability, and stock 

control. The influence of AI on public 

health results by facilitating better resource 

distribution and minimizing refuse. This 

indicates that integrating ANN into 



Demand forecasting models can greatly 

issues in managing healthcare systems. The 

ongoing need for advanced ML techniques 

in the pharmaceutical supply chain. 

LR algorithms, especially ANN, can assist 

in alleviating supply chain interruptions. 

Although forecasting difficulties continue 

to exist in this sector including 

unpredictable demand variations, a 

systematic approach to ANNs possess the 

capability to provide flexible solutions that 

improve supply chain durability.  

 

The significance of AI-powered predictive 

analysis for enhancing pharmaceutical 

supply. Their results show that 

incorporating LR methods, such as ANN 

approaches, within supply chain 

management improve decision-making and 

efficiency in operations. This continual 

development of the supply chain methods, 

strict regulations and logistical challenges, 

demonstrates the flexibility and 

effectiveness of ANN. 

 

The software of logistic regression and 

statistical forecasting techniques for 

pharmaceuticals sales forecasts, 

highlighting the variety of approaches, 

including ANN, which can enhance 

precision. They suggest merging 

conventional statistical techniques with 

sophisticated neural network methods 

allow companies to tackle the market 

requires improvement. The research shows 

an increasing agreement that a 

transformative wave is rising through the 

application of AI and ANN in predicting 

pharmaceutical demand. With supply chain 

management growing more intricate, 

because of external influences, the 

necessity for strong forecasting techniques 

is of utmost importance and ANN as a 

standard exercise in upcoming 

pharmaceutical demand projection. 

 

The convergence of artificial neural 

networks using deep learning and 

forecasting analytics systems enables 

healthcare system to interruptions, enhance 

supply chains, and develop decisions based 

on data within regulatory and operational 

limitations. As a result, the ANN is arising 

not only as a prediction mechanism but also 

as a strategic resource that changes 

pharmaceutical processes and enhances 

patient results. 

  

3.3 Extreme gradient boosting 

Extreme Gradient Boosting (XGBoost) has 

risen as a strong LR method, especially 

efficient for demand predicting in the 

pharmaceutical sector. The increasing 

complexity of drug distribution networks, 

influenced by factors like regulatory 

adherence, fluctuations in demand, and 

logistics requires precise predictive 

analytics, in which Methods such as 

XGBoost can provide significant 

advantages. XGBoost is especially 

effective for predicting with restricted 

datasets, providing benefits for the 

pharmaceutical businesses that might not 

have comprehensive historical records.  

Sophisticated AI-powered structures, like 

utilizing XGBoost can enhance decision-

making and risk management, allowing 

pharmaceutical firms to adjust more swiftly 

to supply chain interruptions. Diverse 

research has emphasized XGBoost's 

exceptional effectiveness in situations 

marked by unpredictability, thus 

strengthening its importance for predicting 

pharmaceutical demand. XGBoost as a 

leading algorithm for demand forecasting 

under uncertainty, outperforming several 

traditional methods.  

Enhancements in prediction abilities can 

directly enhance inventory oversight and 

cost reduction, essential results for 

pharmaceutical firms navigating through 

unstable markets. Blended methods offer 

pharmaceutical firms with greater 



understanding of demand trends, allowing 

them to enhance inventory levels.  

The life-changing capability of AI and LR 

for predicting medication supply in public 

pharmaceutical systems, a segment that has 

the potential to gain substantial advantages 

from enhanced demand forecasting. As a 

key element of these AI techniques, 

XGBoost plays an important part in 

improving efficiency. 

A notably intriguing discovery from this 

examination is the acknowledgment of 

XGBoost as an exceptionally powerful 

prediction instrument, especially in the 

drug manufacturing sector. This efficiency 

arises from its capability to provide precise 

forecasts even with restricted and diverse 

datasets, a typical issue in supply chains in 

the pharmaceutical industry. In contrast to 

deep learning models that usually need 

large datasets, XGBoost excels in 

environments with limited data, rendering it 

particularly beneficial for predictions in 

developing markets or specialized 

medication sectors. Its adaptability in 

managing both categorical and continuous 

variables, as well as its strength when 

dealing with uncertainty and fluctuating 

demand scenarios, places XGBoost not 

solely as a technical remedy but also as a 

strategic facilitator of agility choice-

making. When incorporated into mixed 

models and wider supply chain structures, 

XGBoost enables pharmaceutical firms to 

enhance stock management, decrease 

operational expenses, and improve service 

provision, indicating a notable transition 

towards smart, data-informed processes in 

medical logistics. 

3.4 Linear regression 
 

LR is an essential statistical method for 

forecasting demand predicting, especially 

in the pharmaceutical sector. Its 

straightforwardness, clarity, and 

computational effectiveness transform it 

into a commonly accepted approach for 

forecasting demand based on past records. 

The core concept of LR is to represent the 

connection between independent variables 

and dependent variable, applying the least-

squares technique to reduce differences 

between actual and expected principles. In 

the pharmaceutical industry, LR 

successfully tackles issues, including 

enhancing inventory amounts and 

expecting market changes. Research 

indicates that including essential factors 

like pricing, promotions incorporating 

efforts and seasonal patterns into LR 

models can greatly enhance prediction 

precision. Demand prediction directly 

impacts costs of logistics and resource 

management in the pharmaceutical 

supply chain, highlighting the significance 

of strong predictive modelling. 

 

The real-world use of LR in pharmaceutical 

demand Forecasting is backed by factual 

evidence. LR is capable of effectively 

forecasting sales outcomes by examining 

past data, attaining elevated precision 

levels.  Through the use of LR, 

organizations can enhance their demand. 

 

Though LR provides significant benefits, it 

is crucial to recognize its constraints, 

especially those concerning the premises of 

linearity and the independence of errors. 

Moreover, contrasts with more intricate LR 

techniques indicate that LR may surpass 

models in particular situations, particularly 

when the fundamental connections in the 

data are roughly linear.  

 

LR continues to be a robust and very 

understandable. Instrument for predicting 

pharmaceutical demand, particularly when 

the relationships between the data are 

linear. Its capability to integrate essential 

Factors like pricing, promotions, and 

seasonality enable practical insights that 

directly affect inventory enhancement and 

expense control. Significantly, 



observational Evidence suggests that LR 

can attain exceptionally high precision.  

 

LR models are capable of provide elevated 

efficiency predicting. Additionally, 

improvements like momentum-driven 

gradient descent further improve its 

efficiency, indicating that LR, when applied 

carefully, can rival more sophisticated 

methods while ensuring openness and 

fostering trust of stakeholders in decision-

making processes. 

 

3.5 The random forest 
 

The RF approach has emerged as a crucial 

method for forecasting demand in 

pharmaceuticals, delivering creative 

answers to the sector's intricate problems, 

such as changing demand, regulatory 

limitations, and the necessity for accuracy 

in stock control. 

 

As a RF enhances performance as a strong 

ensemble learning method predictive 

precision through the aggregation of 

various forecasts decision trees. Precise 

demand prediction in the pharmaceutical 

supply chain greatly improves recovery 

strategies and robustness, claiming that RF 

stands as one of the top LR algorithms. RF 

is capable of adjusting to the nonlinear 

connections defining demand trends, which 

is particularly important. RF's flexibility is 

especially ideal for pharmaceutical supply 

chains, frequently affected by 

outside influences like health emergencies 

and seasonal variability patterns. The 

incorporation of AI-powered analytics, 

particularly RF, within the pharmaceutical 

supply chain management for enhancing 

operational effectiveness.  

 

Hybrid approach that combines RF with 

LSTM networks, which greatly enhances 

prediction precision for utility request. 

Additionally, integrating RF with neural 

networks has demonstrated potential in 

successfully managing time-series data, a 

shared obstacle in predicting 

pharmaceutical demand. The urgency of 

efficient demand forecasting in healthcare.  

 

RF has surfaced as a fundamental element 

in pharmaceutical demand prediction 

because of its capacity to simulate intricate, 

nonlinear connections and adjust to 

fluctuating market circumstances ensemble 

framework, which combines several 

decision trees, not only improves 

forecasting precision but also reduces the 

chance of over fitting, rendering it 

especially efficient in unstable medical 

settings. Additionally, RF's adaptability is 

further improved when combined with 

hybrid models, like those utilizing neural 

networks or LSTM, allowing the accurate 

management of time-series information and 

outside factors. This flexibility renders RF 

an essential instrument for enhancing stock 

management, reducing waste, and 

guaranteeing punctual accessibility of 

essential drugs, thus establishing it as an 

essential facilitator of data-driven 

healthcare logistics.  

 

4. ADVANTAGES AND 

DISADVANTAGES 

In recent times, LR techniques have 

evolved growing common in 

pharmaceutical demand forecasting 

because of their capacity to manage 

intricate, nonlinear connections in 

information. Among the different 

algorithms that exist, LR, RF, LSTM, 

ANN, and XGBoost (Extreme Gradient 

Boosting).  



 

LR continues to be a favoured option 

because of its clarity and understandability. 

It acts as a solid reference point modelling 

approach, especially when the connection 

the relationship between independent and 

dependent variables is linear. LR refers to 

similarly computationally efficient and 

necessitates reduced training data in 

relation to more intricate models. The key 

drawback resides in its failure to represent 

nonlinear connections, which may result in 

significant prediction inaccuracies, 

particularly in contexts such as 

pharmaceutical demand forecasting, where 

factors such as seasonality and market 

trends introduce nonlinear patterns.  

 

RF is a robust ensemble learning technique 

that provides notable benefits regarding 

durability and precision. RF is outstanding 

in handling numerous variables without the 

removal of variables, rendering it 

appropriate for intricate datasets frequently 

used in pharmaceutical demand prediction. 

Significant drawback of RF is that it turns 

into become more difficult to understand as 

the complexity of the model grows, which 

may be a considerable disadvantage for 

stakeholders requiring practical 

understandings. LSTM networks, a form of 

recurrent neural network, have shown 

better performance compared to 

conventional approaches in time series 

forecasting, due to their capability to 

maintain long-term dependencies in 

sequential information. This is especially 

important in pharmaceutical demand 

prediction, in which past demand plays an 

essential part in forecasting future demand. 

Moreover, LSTM can include external 

variables, enhancing prediction precision. 

On the negative side, LSTM networks need 

vast quantities of training data and are 

computationally demanding, constraining 

their practicality in specific software 

programs. Additionally, adjusting LSTM 

models can be takes a lot of time and 

necessitates significant skill to 

comprehend their intricate structures. 

 

ANNs are highly esteemed for their ability 

to simulate nonlinear correlations and 

derive insights from extensive data sets. 

They have played a crucial role in the 

demand for pharmaceuticals predicting, 

enabling businesses to recognize trends and 

other pertinent factors. Nonetheless, similar 

to LSTMs, ANNs encounter difficulties 

concerning interpretability and necessitate 

significant training data to prevent 

overfitting. XGBoost, famous for its 

efficiency and effectiveness, has been 

broadly embraced because of its capacity to 

effectively manage extensive datasets and 

generate very precise predictions, ensemble 

learning method, which minimizes bias and 

variance via regularization methods.  

 

In conclusion, every LR technique offers 

unique benefits and constraints when 

utilized for pharmaceutical demand 

predicting. LR provides ease of use and 

clarity, RF is resilient against overfitting 

while compromising interpretability, 

LSTM performs exceptionally in managing 

sequential information but demands 

significant data and computational 

resources, ANN excels in recognizing 

trends in intricate datasets. Ultimately, 

XGBoost sets itself apart for its velocity 

and precision, though it requires meticulous 

adjustment and might be unclear. 

Below summary table of the advantages 

and disadvantages of each machine 

learning (ML) technique used in 

pharmaceutical demand forecasting. 

Linear Regression (LR) 

Advantages:-  

• Simple to understand and use.  

• Good as a basic prediction model.  

• Fast and computationally efficient.  

• Works well with small datasets. 

Disadvantages:-  

• Cannot handle complex relationships.  

• Less accurate for complicated data.  

• Poor performance with changing trends. 



Random Forest (RF) 

Advantages:-  

• High prediction accuracy.  

• Handles large and complex datasets.  

• Reduces overfitting.  

• No need for feature selection. 

Disadvantages:- 

• Difficult to interpret results.  

• Model is complex for decision-makers 

 

Long Short-Term Memory (LSTM) 

Advantages:-  

• Best for time-series forecasting.  

• Learns long-term patterns in data.  

• Uses historical demand effectively.  

• Use external factors to improve accuracy. 

Disadvantages:- 

• Needs a large amount of training data.  

• Requires high computing power.  

•Takes longer to train.  

• Requires expert knowledge to build. 

 

Artificial Neural Network (ANN) 

Advantages:-  

• Captures complex nonlinear relationships 

• Learns from large datasets.  

• Provides accurate demand forecasting. 

Disadvantages:- 

• Difficult to interpret ("black-box “model)  

• Needs large training datasets.  

• High computational cost.  

• Hard to implement for small organization 

 

Extreme Gradient Boosting (XGBoost) 

Advantages:-  

• Very high prediction accuracy.  

• Fast and efficient.  

• Handles large datasets well.  

• Reduces prediction errors through 

regularization. 

Disadvantages:- 

• Can overfit if not tuned properly.  

• Requires careful parameter tuning.  

• Hard to interpret due to complex 

boosting process. 

 

5. CONCLUSION  

 

This comprehensive review and 

bibliometric assessment emphasize the 

increasing significance of ML in predicting 

pharmaceutical demand, especially in 

tackling the issues associated with demand 

variability, stock optimization, and supply 

network endurance. The research shows 

that sophisticated ML models such LR, 

LSTM, RF, ANN, and XGBoost provide 

enhanced performance in contrast to 

conventional statistical techniques, like 

linear regression, particularly in modelling 

intricate, nonlinear demand designs. 

Bibliometric mapping additionally 

demonstrates the evolution of studies, 

incorporating terms like "LR," "supply 

"management of supply chains," and 

"sustainable practices" coming to the 

forefront as predominant patterns in the 

domain. The combination of ML with 

technologies like blockchain and ERP 

systems indicates a transformational move 

towards information-based, smart 

pharmaceutical logistics that enhance 

operational efficiency effectiveness while 

also improving patient results. 

 

This paper adds to the current pool of 

understanding through the integration of 

methodological understanding and 

bibliometric patterns, providing a thorough 

insight of ML techniques are utilized and 

assessed in pharmaceuticals forecasting 

demand. It also recognizes significant 

deficiencies in the present research, 

including the necessity for hybrid models, 

the incorporation of practical data, and the 

requirement for greater clarity intricate 

algorithms. The results highlight the 

strategic importance of ML in healthcare 

strategy, indicating that future studies to 

concentrate on creating scalable, clear and 

context-sensitive prediction systems. 

 

Additionally, the majority of the examined 

studies are hindered by insufficient data and 

absence of practical applications validation, 

restricting the applicability of the suggested 

models. Intricate algorithms like LSTM and 

XGBoost, despite their strength, frequently 

lack clarity, creating difficulties 

for adherence to regulations and confidence 



from stakeholders. Prospects research must 

focus on creating interpretable ML 

frameworks, utilizing synthetic or federated 

data to tackle concerns regarding privacy 

and availability, along with implementing 

predictive models utilizing real-time supply 

chain systems for dynamic enablement 

decision-making in uncertain conditions.
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