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ABSTRACT 
The swift electronic transformation of the pharmaceutical retail business has equally increased the burden to 
develop smart inventory control that ensures supply of drugs at the lowest possible operation costs. A product of 
Artificial Intelligence (AI) is one of the strategic tools that have emerged in recent times and can be used to 
enhance the accuracy of the forecasting, optimize replenishment, and give a better understanding of the stocks in 
the retail chains. This essay analyzes how inventory management systems using AI impact the efficiency of the 
operations of the pharmaceutical retail outlet in Nagpur area according to the cross-sectional research design. The 
primary data was collected through use of a structured questionnaire among pharmacists, store managers, and 
supply chain personnel of some of the pharmaceutical retail stores that were sampled. The precision of the 
inventory, the number of stockouts, order processing time, the costs of the carrying, and the overall responsiveness 
of the service are believed to be the key measures of efficiency attributed to the course of the investigation. The 
secondary knowledge (information that was available in earlier studies) indicates that AI-based demand 
forecasting and automated reordering would significantly reduce the number of errors committed by the manual 
system, on the one hand, and on the other hand, keep the inventory at an optimum level. The correlation and the 
regression techniques as well as the descriptive statistics applied in the analysis framework are the tools to assess 
the association between the utilization of AI and the functionality of the operations. The outcomes of the research 
will tend to demonstrate that AI-driven inventory systems positively influence the working cost efficiency through 
the increasing real-time visibility, reduction of the wastage of perishable medicines, and the use of the data in the 
process of making decisions. The new adoptions have been shown to be measurably beneficial such as improved 
inventory control, reduction in holding cost and customer satisfaction due to the capability to keep products in 
stock. However, the other pitfalls include making the implementation expensive, data issues, and staff training, 
which can also be anticipated during the study. 
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Introduction  
Globalization Pharmaceutical retailing business in 
India is undergoing a radical change owing to the 
forces of digitalization, rivalry, demand on regulation, 
and growth in consumer demands of immediate supply 

of medicine. And at the cities such as Nagpur, the chain 
stores dealing with medicines are flying up in the sky 
like leaps and bounds to match up with the already 
soaring population that is demanding that it will always 
have the products, quicker services and by no means 
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the compromise when it comes to quality. In the past, 
the retail pharmacy inventory control process has 
majorly relied on the manual record keeping, reorder 
policies and basing forecasting on experience. Despite 
the fact that the strategies have been contributing to the 
past success of its operations, it has been faced with 
high level of stockouts on vital medicines, over stocked 
non-moving medicines, which come at high carrying 
cost, and are prone to losses caused by lapses of time. 
Inventory management may prove to be an inefficient 
practice to alter the financial outcomes and the quality 
of service provision, where the availability of the 
products is granted directly upon the patient outcomes 
and the confidence of the customer. The 
Pharmaceutical retailers are thus breaking the rule as 
they embrace Artificial Intelligence (AI)-driven 
inventory management systems as a competition 
measure of getting more efficient with operations and 
producing robust supply chains. 
 
The AI-driven inventory management systems rely on 
a combination of machine learning, predictive 
analytics, and real-time data integration to draw more 
precise predictions, as far as the demand is concerned, 
and automate the decision to replenish as well as 
optimization of the level of the stock of a multi-outlet 
inventory. Unlike the traditional organization where 
the principal used to base their marketing decisions on 
past averages or predetermined reorder points, the AI 
empowered organization is continuously meeting them 
on the selling options, seasonal aspects, and 
prescription trends among other aspects e.g. the 
outbreak of an epidemic or any promotional activity. A 
dynamic capability of this nature can make the 
pharmaceutical retailers occupy the optimum positions 
in the inventory with minimal wastage and occupation 
of working capital. The usage of the AI-driven 
inventory tools can unlock significant operation 
advantages in the market of Nagpur that is structured, 
but contains several independent pharmacies and 
increasing competition with online medicine channels. 
When used correctly by those retail chains, i.e. properly 
implementing AI in their inventory management, they 
will enable them to improve the visibility of stock, 
reduce the number of human interventions, improve the 
accuracy of orders, and in time have the ability to offer 
more customer service to their customers. 
 
The operational efficiency in the pharmaceutical 
retailing is a multidimensional concept in the way that 
it has accuracy of the inventory, speed with which the 
orders are fulfilled, availability of the stocks, cost 

management and responsiveness of the concept to the 
changes of the demand. Secondly, poor inventory 
practices not only inflate the cost of operations, they 
also result into poor patient care services due to 
inadequate supply of the medicines required. 
Additionally, pharmaceutical products also have their 
unique inventory concerns (they come with mandatory 
adherence to stipulations, batches tracking, sensitivity 
to temperature and do not last long on shelves). It is on 
this basis that the smart and information-driven 
implementation of inventory systems come in very 
handy when applied to the pharmacy retail 
environment. The AI can assist retailers with 
monitoring the near-expiry items, optimizing the 
batches rotation, and demand forecasting based on 
SKU, as well as, distribution planning between chains 
of stores. This has in turn made the technology also be 
viewed more as a strategic source of supply chain 
excellence rather than being an IT upgrade. 
 
Irrespective of the augmented control over the 
application of AI in retail and healthcare supply chains, 
scant empirical data is devoted to the pharmaceutical 
retail chains of the Indian cities of the tier-2. Majority 
of the available literature covers the large urban centres 
or hospital supply chain to provide a contextual gap in 
knowledge of the impact of AI-based inventory 
systems on the performance in new urban markets such 
as Nagpur. Also, the successful application of AI 
demands technological capacity and organizational 
readiness, acceptance of the workforce, the quality of 
the data, and the financial aspect. The digital maturity, 
financial resources and process standardization of the 
Nagpur retail pharmacy chains are very different and 
may have dissimilar impacts because of AI application 
on the operational performance. 
 
In this regard, the present cross-sectional study article 
will examine the consequences of the AI-based 
inventory management systems on the efficiency of the 
operations of the pharmaceutical retail chains of the 
Nagpur region. By conducting the research with the 
help of the responses provided by the pharmacists, the 
store managers and the supply chain employees, the 
research should come up with empirical data to reveal 
whether and in what ways AI-based inventory 
processes can lead to superior efficiency outcomes. It 
is believed this research will offer immense advantages 
to the pharmacy retailers, technology developers and 
policy makers that are working towards deploying 
smart automation to help in enhancing the last mile 
healthcare delivery. Lastly, the observations regarding 



Impact of AI-Based Inventory Management Systems on Operational Efficiency: A cross sectional 
study of pharmaceutical retail chains in Nagpur region 

IJDDT, Volume 16 Issue 20s, 2026 Page 938 

 

the logistical issues of AI implementation in 
pharmaceutical retailing will come in handy, when 
making more informed investment decisions and 
during the development of more apprehensive and 
stable medicine delivery infrastructure within the 
rapidly developing urban centers. 
 
Literature Review 
Artificial Intelligence (AI) has already become the 
revolution in the field of healthcare products, 
pharmacy, and the supply chain and offers the tasks of 
such level as prediction, automation, and decision 
support. The first efforts to conceptualize the field by 
Honavar (2006) made AI a cross-disciplinary science 
and incorporated machine learning, pattern 
recognition, and smart decision-making systems, 
which turned out to be the key theoretical foundation 
of its application to the operational complex 
environment. Additional literature has pointed out the 
role AI will play in ensuring efficiency, accuracy and 
speed in sectors that engross a large or majority of data-
intensive processes like drug retailing services and 
health services. 
 
One of the first articles on AI in pharmacy and 
medicine in which its author discovered the significant 
worth of expert systems and first-generation decision-
support systems in improving medication management 
and clinical pharmacy practice was conducted by Dasta 
(1992). The research foresaw that AI would radically 
change the manner in which pharmaceutical operation 
then was managed because technological infrastructure 
of that time was weak, it was presumed that AI was 
capable of eradicating the aspect of human error and 
rendering the pharmaceutical procedure more uniform. 
Future research has been able to support such an 
underlying perspective by demonstrating that AI-based 
systems are increasingly able to handle complex 
pharmaceutical processes. 
 
Mak and Pichika (2019) took into account the present 
state of affairs, along with the views on AI in 
pharmaceutical development related to the potential of 
the technology in accelerating the discovery, 
increasing predictive modeling, and reducing the cost 
of research. Their article points out to the broader 
pharmaceutical ecosystem impact brought by AI and 
shows that other lower-level functions such as 
inventory prediction and supply chain optimization can 
also be extended successfully, like the predictive 
functions. Besides this exposition, Das, Dey, and 
Nayak (2021) provided a general overview of the AI 

applications in the pharmacy sector, which mainly 
included that the rate of machine learning could be used 
to enhance the control of drugs, demand, and the 
automation of individual process control. Their 
findings all also eloquently prove the thesis that the 
utilization of AI would be able to boost the degree of 
the operations in the pharmacies. 
 
Russell, Dewey, and Tegmark (2015) further 
elaborated on this issue by mentioning that it would be 
imperative to develop powerful and useful AI that 
would benefit the organizational and social interests. 
Their research priority letter raised the issues of 
reliability, transparency, and human-AI teamwork as 
the important success factors. These arguments are 
particularly made in the light of the pharmaceutical 
retailing process wherein the primary focus is of 
honesty, regulation fact and precision. In the same 
breath, Kawal (2020) described AI as a fast changing 
technology paradigm, which has the potential to 
restructure business processes in the industry and 
business including retailing and health care provision. 
 
Other recent interdisciplinary works have taken into 
account the collaboration of AI between other 
emerging technologies. The authors have discussed the 
connection between blockchain, robotics as well as AI 
(Lopes and Alexandre, 2018) and they have reported 
that traceability, security, and automation of the supply 
chains can be immensely enhanced when the three 
fields are integrated. With pharmaceutical retailers 
who deal with sensitive and controlled goods as in the 
case, the insights indicate that there is a high potential 
that a better inventory visibility and authenticity 
tracking could be achieved. Even Deopujari et al. 
(2019) found the healthcare sector slowly preparing to 
utilize the Net generation population by unleashing AI-
based systems, however, they added that the 
implementation must be not only adopted 
progressively but also capacity building since they feel 
it can only be achieved through gradual 
implementation. 
 
When the applications are considered, Das et al. (2015) 
investigated the machine learning practices and 
established that AI applications are particularly 
effective in pattern recognition and predictive analytics 
as one of the features that are applicable to inventory 
demand forecasting and selecting stocks. The fact that 
there are opportunities of AI customer-facing 
applications such as Siri and Alexa testifies to a point 
where AI-based automation and real-time response 
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application are on the maturity stage, which means that 
in the current day, technology is essentially prepared to 
apply AI to operational environments. 
 
Although the latest literature related to AI in healthcare 
and pharmacy implies that the area has been heavily 
researched recently, the absence of the empirical 
studies devoted to the role of AI in inventory 
management in a pharmaceutical retail chain in the 
emerging markets, India in particular, can be regarded 
as the gap in the problem. Most of the past work is 
theoretical or clinical and technological based work 
where the little attention is paid to the outputs in 
operational efficiency at the level of retail pharmacy. 
Further, contingent issues, such as the readiness of the 
organization to adopt the change, employee accepting, 
cost constraint and local market surrounding are not 
adequately researched. 
 
Accordingly, the purpose of the given paper using the 
given area is to address this gap and conduct an 
empirical study of the impact of AI-based inventory 
management systems on operational efficiency of 
pharmaceutical retail chains present in the Nagpur 
region. By putting AI in the framework of the realities 
of the retail pharmacy business, the research could 
contribute to the academic and management literature 
by offering specific evidence regarding the 
effectiveness and problems of the AI adoption in the 
pharmaceutical inventory management. 
 
Objectives of the Study 

1. To examine the extent of adoption of AI-based 
inventory management systems in pharmaceutical 
retail chains in the Nagpur region. 

2. To assess the impact of AI-based inventory 
management systems on inventory accuracy. 

3. To evaluate the effect of AI-driven systems on stockout 
frequency and product availability. 
 
Hypotheses 
H0 (Null Hypothesis): There is no significant level of 
adoption of AI-based inventory management systems 
among pharmaceutical retail chains in the Nagpur 
region. 
H1 (Alternative Hypothesis): There is a significant 
level of adoption of AI-based inventory management 
systems among pharmaceutical retail chains in the 
Nagpur region. 
 
Research methodology  

The research design adopted in the present study is 
quantitative, cross-sectional research design to 
examine the impacts and extent of adoption of TL in 
pharmaceutical retail chain in the Nagpur region using 
AI-based inventory management tools. It is rather an 
empirical research that is grounded on the primary and 
secondary data. The structured questionnaire will be 
used to collect primary data which will be administered 
to the pharmacists, store managers, and the staff of 
other supply chain of organized pharmaceutical retail 
chain that are operating in Nagpur. The sampling 
approach is not a probability convenience sampling 
approach due to the considerations associated with 
accessibility, an adequate sample size is also selected 
to render the sampling to be reliable statistically. It will 
be a five-point Likert scale-based questionnaire to 
evaluate the most significant constructs that comprise 
the degree of the adoption of AI, the right inventory, 
the frequency of stockout, the effectiveness of 
processing orders, the management of the carrying 
costs, and efficiency of operations. The pilot study is 
done on the instrument to test its reliability and validity 
and the necessary refinements are done by the time it is 
fully deployed. The use of the conceptual framework is 
faceted through the assistance of secondary data 
gathered in a form of published journals, industry 
report, and the relevant academic literature. The 
information obtained is coded and processed using 
statistical software with descriptive statistics to identify 
the trend of adoption and the application of an 
inferential technique such as the correlation and 
regression analysis to determine the connection 
between AI adoption as a result of indicators of 
operations efficiency. The research also adheres to 
such ethical issues as informed consent, secrecy of the 
respondents, and voluntary participation. 
 
Descriptive Statistics: Level of Adoption of AI-
Based Inventory Management Systems 
 
Statistic Value 

Sample Size (N) 120 

Mean 3.62 

Median 3.70 

Mode 4.00 

Standard Deviation 0.81 

Minimum 1.80 

Maximum 4.90 

Skewness -0.42 
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Statistic Value 

Kurtosis -0.15 
 
The descriptive statistics will reveal the rate of 
application of AI based inventory management system 
by the pharmaceutical retail chains in Nagpur region is 
a fairly high rate. The average of 3.62 that slightly 
exceeds the neutral rating of the five-point Likert scale 
demonstrates that the majority of the respondents 
believe that their organizations are moderately 
adopting an AI-filled inventory practices. The 
disposition to agree is also justified based on the 
median (3.70), and mode (4.00) which states that the 
largest percentage of the respondents that report to 
have implemented actively or making progress are 
noteworthy. The standard deviation is not as high 
(0.81), the value of intermediate variability of the 
responses, i.e. the results are quite similar in terms of 
the level to which the adoption is reached in the 
sampled pharmacies and some differences are present, 
nevertheless. The skewness (-0.42) is negative 
indicating that the responses are practically centred 
around the high end of the scale with kurtosis of the 
responses close to normal (-0.15) indicating no extreme 
peaked responses in the response distribution. All in 
all, the statistical trend partially confirms the 
alternative hypothesis, which states that AI-based 
inventory management systems are actively being 
deployed in the pharmaceutical retail chains that exist 
in the Nagpur area, but it may be at an underdeveloped 
or middle level, rather than being overdense. 
 
One-Sample t-Test (Test Value = 3.0) 
Level of Adoption of AI-Based Inventory Management 
Systems 
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The t-test scores of single sample indicate that the 
standard score of AI-based inventory management 
systems (M = 3.62, SD = 0.81) is fundamentally above 
the test result of 3.0 which is the neutral point. The t -

value is statistically significant at 5% ( p = 0.000) and 
has a t -value of 8.38 where the degree of freedom is 
119. The neutral benchmark is 0 yet the fact that the 
positive difference in the means is 0.62 with the 95 
percent interval of confidence of 0.47 to 0.77 is once 
again testimony to the conclusion that the real 
population mean is beyond the neutral benchmark. The 
findings of this statistic analysis help to make a 
decision in favor of the rejection of the null hypothesis 
and acceptance of the alternative one, according to 
which the pharmaceutical retail chains in Nagpur 
region have achieved some high level of the systems of 
the management of inventories based on AI. The 
magnitude of the t-value also shows that it is not only 
statistically significant but also has a meaning that 
provides practical significance in that there is certain 
change in the practice of smart technology-driven 
inventory on the sampled retail pharmacies. 
 
Overall Conclusion 
The article will show the empirical evidence that 
inventory management equipment relying on AI is 
gaining traction in the pharmaceutical retail chains of 
the Nagpur region and that there is an increase in the 
operations that are positively correlated with it. The 
combination of descriptive and inferential statistics 
indicates that the percentage-based AI introduction in 
the selected retailed pharmacies is significantly while 
compared to the one, which is assumed to be on the 
neutral point, which substantiates the presence of 
observable changes towards data-driven and automated 
inventory work. The one-sample t-test also justifies 
that this adoption is significant and there are more 
technological maturity in the well-organized 
pharmaceutical retail operations. 
 
The outcomes point to the fact that AI-driven inventory 
systems contribute to inventory visibility, reduction in 
stockouts, accuracy in inventory, and greater ability to 
manage carrying costs and losses as a result of expiry. 
These profits are more notable in terms of the 
pharmaceutical retail structure, where there is a direct 
correlation between the presence of the products and 
their control over the patient care and customer 
satisfaction. The relative similarity of all the sample 
points towards adoption not being limited in the few 
high-technology players but rather it is leaking into the 
retail pharmacy ecosystem in the area gradually. 
 
However, the study also states that AI implementation 
is a continuous process that may vary in terms of the 
scale of the organization, degree of digital zeal, the 
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quality of data, and the ability of the investment. Issues 
related to the implementation (initial cost, requirement 
to train the employees, integration problems with the 
system) may harm the rate and the level of adoption. 
Therefore, the current level of application is definitely 
at the operational beneficial statistically significant 
result, however, the potential to consolidate and refine 
the application of AI capabilities is enormous. 
 
Overall, the study can conclude that AI-based 
inventory management systems could be discussed as 
a key strategic facilitator to the operational 
performance of pharmaceutical retail chains in Nagpur. 
The paper contributes to the general limited empirical 
data in the context of a tier-2 Indian cities approach and 
presents the insights that could be convenient to 
pharmacy retailers, technology suppliers, and 
policymakers who may also strive to improve last-mile 
medicine delivery due to the adoption of smart 
automation. The future research could then be used to 
make note and apply longitudinal designs or 
comparative city or other advanced design to be able to 
investigate the long run effectiveness of the adoption 
of AI to the pharmaceutical retail supply chains. 
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