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With the expansion of digital approaches in the pharmaceutical
industry, blockchain technology has gained increasing attention as an
innovative tool for enhancing transparency, traceability, and data
security across pharmaceutical supply chains. Despite these potential
benefits, effective blockchain implementation requires coordinated
interaction among regulatory institutions, supply chain actors, and
technological infrastructures, and in practice faces a set of interrelated
technical, organizational, financial, and regulatory barriers whose
underlying causal structure must be clearly understood. This study
aims to identify and structurally analyze the key barriers to blockchain
implementation in Iran’s pharmaceutical supply chain. In the first
phase, a systematic literature review combined with the Fuzzy Delphi
method was employed to identify ten validated barriers. In the second
phase, the hierarchical and causal relationships among these barriers
were examined using Interpretive Structural Modeling (ISM). In the
third phase, MICMAC analysis was applied to assess the driving
power and dependence of the identified variables. The findings
indicate that inadequate technical infrastructure and technological
complexity emerge as root and independent barriers exerting the
strongest influence on other obstacles, whereas lack of top
management support and employee resistance to change appear as
dependent barriers located at higher levels of the structural model.
Accordingly, this study proposes strategies such as developing
pharmaceutical-specific digital infrastructure, enhancing technical
competencies of the workforce, strengthening managerial commitment,
and establishing national blockchain standards tailored to the
pharmaceutical sector. By presenting a structured and context-specific
analytical framework, this research provides practical insights for
policymakers and industry decision-makers seeking to advance
sustainable, blockchain-based digital transformation in pharmaceutical
supply chains.
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Introduction

The pharmaceutical supply chain is one of the most complex and highly regulated supply networks in the
world. It involves multiple stakeholders including manufacturers, distributors, logistics providers,
pharmacies, regulatory agencies, and healthcare institutions. Ensuring the integrity, safety, and
traceability of pharmaceutical products throughout this network is critical because any disruption,
counterfeit entry, or lack of transparency can directly affect public health. In recent years, digital
transformation initiatives have aimed to address these challenges by integrating advanced information
technologies into supply chain management systems. Among emerging technologies, blockchain has
gained considerable attention as a promising solution for enhancing transparency, trust, and security in
complex supply networks. Blockchain is a distributed ledger technology that allows transactions and data
exchanges to be recorded in a decentralized and immutable manner. In the context of pharmaceutical
supply chains, blockchain can improve traceability of medicines, prevention of counterfeit drugs, secure
information sharing among stakeholders, and efficient monitoring of product flows. These capabilities
are particularly important in pharmaceutical logistics where regulatory compliance, product authenticity,
and timely delivery are essential. Despite its significant potential benefits, the adoption of blockchain in
pharmaceutical supply chains has been relatively slow. Organizations often face numerous technical,
organizational, financial, and regulatory barriers that hinder the implementation of blockchain-based
solutions. These barriers are not independent; rather, they interact with each other and create a complex
system of constraints that influence the feasibility of technology adoption. Therefore, understanding not
only the existence of these barriers but also their structural relationships and causal influences is essential
for designing effective strategies for blockchain implementation.

The present study focuses on identifying and analyzing the barriers to blockchain adoption in Iran’s
pharmaceutical supply chain. The main objective of the research is to develop a structured analytical
framework that reveals the hierarchical relationships among these barriers and determines which factors
act as key drivers within the system. To achieve this goal, the study adopts an integrated methodological
approach combining systematic literature review, the Fuzzy Delphi Method (FDM), Interpretive
Structural Modeling (ISM), and MICMAC analysis. Through this approach, the study first identifies
potential barriers from the literature, then validates them through expert consensus, and finally analyzes
their structural interactions and influence levels.

By identifying the most influential barriers and mapping their interrelationships, the research aims to
provide practical insights for policymakers, managers, and decision-makers involved in the
pharmaceutical sector. Understanding these structural relationships can help organizations prioritize
interventions and allocate resources more effectively when planning the adoption of blockchain
technologies.

Results and Discussion

The research process led to the identification and validation of ten major barriers that hinder the adoption
of blockchain technology in the pharmaceutical supply chain. These barriers were first extracted through
a systematic review of relevant academic literature and industry reports. Subsequently, the Fuzzy Delphi
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Method was employed to refine and validate the list of barriers through expert judgment. This method
allows researchers to handle uncertainty and subjective opinions by incorporating fuzzy logic into the
traditional Delphi process, thereby improving the reliability of expert consensus. After confirming the
final set of barriers, Interpretive Structural Modeling (ISM) was applied to determine the contextual
relationships among them. ISM is a well-established methodology used to identify and structure
relationships among complex variables. Through pairwise comparisons and expert evaluations, the
barriers were organized into a hierarchical model representing their causal interactions. The ISM results
revealed a multi-level hierarchical structure in which some barriers act as fundamental driving factors,
while others emerge as dependent outcomes influenced by those underlying conditions. Among the
identified barriers, inadequate technical infrastructure and technological complexity of blockchain
systems were found to occupy the lowest levels of the hierarchy. These factors demonstrated strong
driving power and relatively low dependence on other variables, indicating that they are foundational
obstacles affecting the entire adoption process. Inadequate infrastructure refers to limitations in digital
platforms, information systems, interoperability capabilities, and network reliability required for
implementing blockchain-based solutions. Since blockchain systems rely heavily on robust technological
environments and integrated data exchange platforms, the absence of appropriate infrastructure
significantly complicates their deployment. Similarly, the technological complexity associated with
blockchain—including issues related to scalability, integration with existing systems, and technical
expertise requirements—can discourage organizations from adopting the technology. At higher levels of
the ISM hierarchy, several organizational and behavioral barriers were identified. These include factors
such as lack of top management support, limited technical knowledge among employees, and resistance
to organizational change. The model indicates that these barriers are largely influenced by the underlying
technological and infrastructural challenges. For example, when the technology is perceived as highly
complex or when the infrastructure is insufficient, senior managers may hesitate to invest in
implementation initiatives. Likewise, employees may resist adopting systems that require unfamiliar
technical skills or significant changes in existing workflows. To further analyze the relationships among
the identified barriers, the study employed MICMAC analysis (Cross-Impact Matrix Multiplication
Applied to Classification). This technique categorizes variables based on their driving power and
dependence. The results of the MICMAC analysis confirmed the findings of the ISM model. Barriers
such as infrastructure limitations and technological complexity were classified as independent or driving
variables, meaning they strongly influence other barriers while being less affected by them. Conversely,
barriers such as employee resistance and managerial hesitation were classified as dependent variables,
indicating that they are largely outcomes of other structural conditions. The combined ISM-MICMAC
analysis demonstrates that blockchain adoption challenges should be viewed as part of a systemic
structure of interrelated obstacles rather than isolated issues. Attempting to address only surface-level
organizational problems without resolving foundational technological limitations may lead to ineffective
implementation strategies. Therefore, policymakers and industry leaders must prioritize interventions
that address the root drivers of the problem.
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Conclusion

The findings of this study highlight the importance of adopting a systemic and structured perspective
when addressing the barriers to blockchain implementation in pharmaceutical supply chains. By
integrating the Fuzzy Delphi Method, Interpretive Structural Modeling, and MICMAC analysis, the
research provides a comprehensive framework for identifying and analyzing the complex relationships
among adoption barriers. The results indicate that technological and infrastructural limitations play a
central role in shaping other organizational and behavioral challenges. In particular, inadequate technical
infrastructure and the inherent complexity of blockchain technology were identified as the most
influential barriers. These factors significantly affect managerial decisions, employee attitudes, and the
overall readiness of organizations to adopt blockchain-based solutions. Based on these findings, several
practical implications can be suggested. First, policymakers and regulatory authorities should focus on
developing national digital infrastructures and technological standards that facilitate blockchain
integration within the pharmaceutical sector. Establishing clear regulatory frameworks and
interoperability standards can reduce uncertainty and encourage organizations to explore blockchain
applications. Second, pharmaceutical companies and supply chain stakeholders should invest in capacity
building and technical skill development among their workforce. Training programs and knowledge-
sharing initiatives can reduce resistance to change and increase the organizational readiness required for
implementing advanced technologies. Third, organizational leaders should actively support digital
transformation initiatives by providing strategic direction, allocating sufficient resources, and
encouraging collaborative innovation among supply chain partners. Strong managerial commitment can
significantly enhance the likelihood of successful blockchain implementation.

Overall, this study contributes to the growing body of research on digital transformation in healthcare
and pharmaceutical logistics by offering a structured analysis of blockchain adoption barriers. The
proposed framework can assist decision-makers in prioritizing actions and designing more effective
implementation strategies. Future research may extend this work by applying quantitative validation
methods, conducting case studies in different countries, or examining additional technological and
regulatory factors that influence blockchain adoption in healthcare supply chains.
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