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Abstract
Background and Objective: The pharmaceutical cold supply chain
is susceptible to temperature fluctuations and technical failures, and
disruptions can lead to drug spoilage and hazardous pharmaceutical
waste. This study aimed to identify and prioritize the factors
influencing waste management in the cold supply chain of insulin in
Iran.

Materials and Methods: This analytical-applied, survey-based
research first identified initial factors through a systematic literature
review. These factors were then refined using the Fuzzy Delphi
method with input from 16 experts, resulting in the confirmation of
12 final factors. Finally, weighting and ranking were performed
using the Interval Type-2 Fuzzy Best-Worst Method with the
participation of 3 highly experienced experts.

Results: The most important factors, in order of priority, were
environmental monitoring and control; technical issues and
equipment failure; cold transportation infrastructure; warehousing
and storage management; and tracking technologies and blockchain.
The technical-technological dimension received the highest weight,
followed by the logistical dimension, while the managerial
dimension had the lowest weight. Weaknesses in temperature
control and equipment performance are mainly responsible for
insulin spoilage in Iran.

Conclusion: The primary focus for reducing insulin waste should
be on strengthening real-time temperature monitoring, preventive
maintenance of cold equipment, and upgrading refrigerated
transportation fleets. Managerial and educational factors play a
supporting role and will have a limited impact without first
addressing technical and logistical infrastructure deficiencies.
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