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 Abstract: Efficient inventory management is vital in clinical laboratories to sustain diagnostic workflows, control 
costs, and uphold quality standards. This review integrates accounting frameworks with practical optimization 
strategies for laboratory inventory control. Traditional valuation methods—first-in, first-out, last-in, first-out, and 
weighted average—are evaluated alongside activity-based costing for more accurate cost attribution. Budgetary control, 
variance analysis, lean management, just-in-time practices, and vendor-managed inventory are highlighted as key tools 
for financial governance and waste reduction. Demand forecasting models and performance indicators are emphasized 
for monitoring efficiency. A flowchart is presented to illustrate integration of inventory lifecycle management with 
laboratory information and enterprise resource planning systems. Challenges include demand fluctuations, supply 
chain disruptions, and digital integration barriers, while future prospects lie in AI-driven analytics, blockchain 
tracking, and real-time automated platforms. This review bridges accounting principles with practical approaches to 
enhance financial control, operational efficiency, and sustainable resource use in healthcare diagnostics.  
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INTRODUCTION 
In the evolving landscape of healthcare, pathology laboratories serve as critical diagnostic hubs, supporting 
timely clinical decision-making and effective patient management. The efficiency and accuracy of these 
laboratories rely heavily on the management of a diverse and dynamic inventory, encompassing reagents, 
consumables, quality control materials, and high-value diagnostic equipment (Flowchart 1) [1]. As 
operational demands grow and diversify, the challenges of managing laboratory inventories—while 
ensuring efficiency and transparency—have become increasingly complex. Contributing factors include 
the imperative for cost containment, stringent regulatory requirements, and the growing emphasis on 
precise financial reporting within healthcare institutions [2].  Inventory control in laboratory medicine 
extends far beyond simple logistical oversight; it directly impacts a laboratory’s financial health, service 
quality, and long-term sustainability. Ineffective inventory management can lead to stockouts, 
overstocking, material expiry, or inventory losses—all of which risk compromising patient care, increasing 
costs, and undermining organizational accountability [3]. From an accounting perspective, robust 
valuation, tracking, and reporting of laboratory inventory is essential not only for cost optimization and 
strong internal controls, but also for reliable external disclosures and regulatory compliance [4]. 
Theoretical accounting frameworks—such as cost accounting, activity-based costing (ABC), and various 
inventory valuation methods (including FIFO, LIFO, and weighted average)—provide established tools for 
the critical analysis and enhancement of inventory management practices in laboratory settings [5]. 
Furthermore, the integration of Laboratory Information Systems (LIS) and Enterprise Resource Planning 
(ERP) platforms with financial accounting systems has created new opportunities for improved inventory 
traceability, automated cost allocation, and the alignment of operational and financial objectives. 
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Flowchart 1 illustrates the key stages in laboratory inventory control, highlighting how accounting 
practices such as cost allocation and valuation methods support inventory optimization and financial 
reporting. (Source: Figure created with the assistance of ChatGPT, OpenAI, on 4 August 2025) 
This review aims to examine inventory control in laboratory medicine through the lens of theoretical 
accounting research. It critically evaluates the potential of established and emerging accounting strategies 
to support inventory optimization, cost efficiency, and financial accuracy in clinical laboratories. By 
bridging operational realities with accounting theories, this review seeks to inform both laboratory 
managers and accounting professionals about current best practices and prospective advancements in the 
management of laboratory inventories within healthcare diagnostics. 
Inventory Management in Laboratory Medicine 
Inventory management in laboratory medicine is pivotal to maintaining the continuity, accuracy, and 
cost-effectiveness of diagnostic services [6]. Clinical and pathology laboratories rely on a diverse range of 
materials—such as reagents, glassware, disposables, calibration standards, and equipment—that must be 
available in the right quantities and maintained under optimal conditions (Flowchart 2) [7]. From an 
accounting perspective, inventory represents a crucial component of current assets, significantly impacting 
cost accounting, budgeting, and financial reporting [8]. Accurate inventory tracking and valuation 
underpin internal control systems, reduce operational inefficiencies, and enhance financial transparency 
[9]. Laboratory inventories typically comprise consumables (e.g., reagents, test kits, consumable medical 
supplies), general supplies (such as syringes, swabs, and gloves), and capital items including instruments 
and diagnostic platforms. Each category poses unique management challenges related to storage, usage, 
and financial valuation [10]. For example, reagents and test kits often require specific storage conditions 
and have limited shelf lives, necessitating rigorous expiry control and batch traceability. Capital assets, 
while categorized as fixed assets, require monitoring for depreciation, maintenance scheduling, and 
calibration costs. Additionally, control materials, transport media, and specimen handling accessories add 
complexity to inventory oversight [11].  

 
Flowchart 2 visually represents the cyclical process of inventory management stages in clinical 
laboratories—forecasting, procurement, receiving, storage, usage, monitoring, and disposal—highlighting 
critical control points where accounting strategies (cost allocation, valuation methods) and information 
system integration (LIS, ERP) support operational and financial objectives. (Source: Figure created with 
the assistance of ChatGPT, OpenAI, on 4 August 2025). 
The lifecycle of laboratory inventory encompasses several interconnected stages: forecasting, procurement, 
receiving, storage, usage, monitoring, and disposal. Forecasting relies on analyzing historical consumption 
patterns and expected demand; incorrect forecasting can lead to costly overstocking or disruptive 
stockouts, both affecting clinical outcomes and financial performance [12]. Procurement processes must 
balance vendor quality compliance with budget constraints. Received materials undergo inspection to 
verify quality, expiry dates, and batch information before system entry. Storage practices uphold material 
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integrity, prevent contamination, and often employ advanced tracking technologies such as barcodes or 
RFID [13]. Usage is carefully tracked for accountability and cost allocation, frequently following First-
Expiry-First-Out (FEFO) or First-In-First-Out (FIFO) principles. Periodic reconciliation and audits identify 
discrepancies between physical stock and records. Disposal of expired or damaged inventory requires 
adherence to biomedical waste protocols, with appropriate financial write-offs recorded [14]. 
Poor inventory management can trigger significant operational and financial repercussions. Stockouts 
may stall diagnostic workflows, negatively impacting patient care. Conversely, overstocking immobilizes 
capital and increases the likelihood of waste through expiry or obsolescence. Inaccurate inventory 
valuation distorts cost of goods sold (COGS) and budgeting, compromising financial statements [15]. 
Compliance with accreditation standards such as NABL, ISO, or CAP depends on effective inventory 
controls, which if lacking, can lead to penalties or loss of certification. Emergency procurement triggered 
by inventory failures often results in inflated costs and distorted financial indicators [16]. Thus, 
establishing an efficient inventory management system underpinned by sound accounting principles is 
essential for laboratory sustainability. Integrating inventory controls with LIS and ERP platforms enables 
real-time tracking, cost transparency, and informed decision-making [11]. Application of theoretical 
accounting methods—including cost allocation, standard costing, and inventory valuation models like 
FIFO or weighted average—helps laboratories align operational performance with financial objectives. 
With mounting pressure to deliver high-quality, cost-effective services, strategic inventory management 
stands as a critical lever for operational excellence and financial stewardship in laboratory medicine [17]. 
Theoretical Accounting Frameworks Applied to Inventory Control 
Effective inventory control in laboratory medicine requires integration of sound accounting principles 
that enable precise cost measurement, valuation, and budgetary oversight [18].  
Cost Accounting Principles Relevant to Laboratories 
Cost accounting serves as a foundational tool for laboratory financial management, enabling the 
identification, accumulation, and assignment of costs to laboratory tests, departments, or services. It 
differentiates between direct costs (materials, reagents) and indirect costs (overhead, labor, equipment 
depreciation), facilitating more accurate cost control and pricing decision-making. In the clinical 
laboratory context, cost accounting helps determine the total cost of diagnostic procedures by aggregating 
recurring and nonrecurring expenses, which is essential for budgeting, reimbursement, and efficiency 
analysis [19]. Key principles include the classification of costs as fixed, variable, or semi-variable and the 
allocation of overhead costs proportionally to different cost centers or test types. Modern laboratories 
increasingly use microcosting—a detailed bottom-up approach—to track resource consumption accurately, 
although this can be resource-intensive. Cost accounting frameworks also inform internal financial 
controls by ensuring cost visibility and enabling managers to make decisions on resource utilization, cost 
reduction, and pricing strategies [20]. 
Inventory Valuation Methods: FIFO, LIFO, Weighted Average 
Inventory valuation methods profoundly influence reported laboratory costs, asset values, and financial 
statements. Common approaches include: 
• First-In, First-Out (FIFO): Assumes the oldest inventory items are used or sold first. This method 
typically reflects current market costs better during periods of rising prices and often results in higher 
asset values and lower cost of goods sold (COGS) [21]. 
• Last-In, First-Out (LIFO): Assumes the most recent inventory is used first, potentially lowering taxable 
income in inflationary environments by matching higher recent costs against revenues. However, LIFO 
may be less appropriate for perishable items common in diagnostics and is prohibited under some 
accounting standards outside the U.S [22].  
• Weighted Average Cost: Calculates an average cost for all inventory items, smoothing out 
fluctuations over time. This approach is simpler and suitable for laboratories with frequent replenishment 
and homogeneous inventory items [23]. 
Applying these valuation methods correctly is critical for cost control, budgeting accuracy, and financial 
reporting compliance in laboratory settings.  
Activity-Based Costing in Laboratory Operations 
Activity-Based Costing (ABC) is a refined approach that allocates costs based on actual activities and 
resource consumption rather than broad averages, providing more accurate cost tracing for complex 
laboratory environments [24]. ABC identifies activities (e.g., sample processing, reagent utilization, 
quality checks) that consume resources and assigns overhead costs accordingly [25].This approach 
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improves cost visibility at the test or process level, enhancing pricing accuracy and enabling targeted cost 
optimization initiatives. ABC also supports performance measurement and process improvement by 
linking costs to operational drivers [26]. For laboratories facing diverse test menus and variable resource 
demands, ABC offers a strategic advantage over traditional cost accounting by illuminating cost behaviors 
and facilitating better managerial control [27]. 
Budgetary Control and Variance Analysis 
Budgetary control in laboratories involves setting financial targets for inventory purchasing, usage, and 
costs, then monitoring actual performance against these benchmarks. It integrates accounting data with 
managerial decision-making to ensure resources are allocated efficiently and financial objectives are met 
[28]. Variance analysis compares budgeted versus actual costs or usage, identifying deviations that signal 
inefficiencies, wastage, or forecasting errors. Positive variances may indicate cost savings, while negative 
variances can reveal stockouts, overusage, or procurement issues. Such analysis helps laboratories adjust 
purchasing policies, improve inventory controls, and refine forecasting models. Consistent variance 
reporting supports accountability, internal auditing, and continuous financial improvement [29]. 
Integration of Inventory Control with Financial Systems 
The integration of inventory control with financial systems represents a vital advancement in 
contemporary laboratory and hospital management. This integration enables seamless coordination 
between the management of physical resources and financial accountability, leading to improved 

operational efficiency and enhanced financial governance [30].  

 
At the core of this integration lies the  LIS, which not only manages laboratory workflows, test orders, 
and patient data but also plays a pivotal role in tracking the consumption of reagents, diagnostic kits, and 
other consumables. LIS modules dedicated to inventory incorporate features such as barcode tracking, 
supplier databases, and expiry date management, as well as integration with diagnostic equipment [31]. 
These capabilities allow for precise, real-time recording of resource usage, crucial for accurate cost 
calculation and inventory replenishment. Automated data entry and inventory updates minimize reliance 
on manual logging, thereby reducing the risk of errors and stock discrepancies [32]. Linking inventory 
data to financial reporting and compliance frameworks further enhances transparency and accountability. 
Inventory consumption is directly reflected in financial statements, facilitating consistent tracking of 
departmental budgets, early identification of cost overruns, and compliance with both internal policies 
and external regulatory requirements such as NABL and CAP. Accounting tools embedded in these 
systems provide inventory valuation functionalities, real-time usage logs, purchase order integration, 
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compliance dashboards, and cost-per-test calculators, enabling laboratories to forecast budgets more 
accurately and simplify audit procedures [33]. Complementing LIS,  ERP systems offer centralized 
platforms where procurement, usage, financial accounting, and forecasting converge. ERP modules 
specific to inventory and finance automate critical activities such as purchase order generation, invoice 
matching, payment processing, and ledger updates. This integration ensures that inventory records and 
financial transactions are synchronized; for example, a purchase order for laboratory consumables triggers 
simultaneous updates to inventory stock and financial accounts upon delivery. This real-time visibility 
reduces paperwork, enhances budgeting accuracy, and supports strategic procurement planning [34].  A 
further crucial feature of integrated inventory-financial systems is the establishment of audit trails and 
internal financial controls. Every inventory transaction is timestamped, user-tagged, and logged, 
embedding transparency and traceability into day-to-day operations. Role-based permissions, approval 
hierarchies, and access restrictions control system usage, while automated alerts notify stakeholders of low 
stock levels or unauthorized activities. These mechanisms collectively strengthen internal controls, 
facilitate forensic audits, mitigate risks of fraud or misuse, and ensure data integrity [35]. 
Advantages of Integration 
The benefits arising from this integration include: 
• Improved Cost Efficiency: Real-time monitoring enables accurate demand forecasting, thus 
minimizing overstocking and stockouts, reducing waste, and optimizing cash flow. 
• Enhanced Financial Transparency: Automated synchronization between inventory consumption and 
financial reporting lowers the risk of manual errors and supports compliance with auditing standards. 
• Accelerated Decision-Making: Access to real-time analytics and dashboards delivers actionable 
insights into resource utilization, procurement trends, and expenditure patterns. 
• Regulatory Compliance: Systematic documentation and reporting capabilities simplify adherence to 
accreditation criteria and government audits, ensuring continuous quality assurance. 
• Operational Accountability and Security: Robust internal controls and audit trails maintain 
accountability, reduce fraudulent activity, and ensure the security of sensitive operational and financial 
data [36]. 
Cost Optimization Strategies 
Effective cost optimization in laboratory inventory management is crucial for enhancing financial 
sustainability, reducing waste, and ensuring the timely availability of essential reagents, consumables, and 
equipment [37].  
One of the core strategies employed is lean inventory management, which aims to eliminate non-value-
added activities by minimizing overstocking, reducing lead times, and streamlining workflow processes. 
The Just-in-Time (JIT) inventory model complements lean practices by ensuring materials are procured 
and stocked only when required, significantly lowering carrying costs and minimizing the risk of 
obsolescence, particularly for perishable biological reagents or time-sensitive diagnostic kits [38]. Another 
impactful strategy involves vendor-managed inventory (VMI), wherein the supplier monitors the 
laboratory’s stock levels and replenishes them automatically based on real-time consumption data. This 
approach fosters collaboration between laboratories and vendors, enhances supply chain visibility, and 
shifts the burden of stock management to suppliers, often resulting in better negotiation leverage, fewer 
stockouts, and reduced administrative overhead. Moreover, centralized procurement practices, such as 
bulk ordering and supplier consolidation, can lead to significant cost savings by leveraging economies of 
scale and reducing transaction frequency [39]. Demand forecasting plays a vital role in controlling 
inventory expenditures and avoiding wastage. By analyzing historical usage trends, seasonal fluctuations, 
and patient load, laboratories can more accurately predict consumption patterns and plan purchases 
accordingly. This approach helps prevent over-purchasing, mitigates storage issues, and reduces expired 
stock. Integration of LIS with inventory management software allows real-time tracking and alerts, further 
enhancing forecasting accuracy and waste reduction efforts [40]. At the operational level, laboratories are 
increasingly adopting Inventory Key Performance Indicators (KPIs) and performance metrics to assess and 
optimize inventory efficiency. Common KPIs include inventory turnover ratio, stock-out frequency, order 
cycle time, and carrying cost percentage. Regular analysis of these metrics enables laboratories to identify 
bottlenecks, monitor supplier performance, and initiate timely corrective actions, ultimately supporting 
continuous improvement in inventory control [41]. 
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CONCLUSION 
Cost accounting and inventory control systems are foundational to efficient laboratory operations, 
enabling optimized resource use, waste minimization, and improved financial management. To fully 
realize their potential, laboratories must overcome infrastructural constraints, technological challenges, 
and skill gaps. Focused investments in automation technologies, staff training, and standardized practices 
will pave the way toward smarter, more adaptive, and sustainable inventory management in clinical 
laboratories. 
 
REFERENCES 
[1] G. Fatima et al., “Transforming Diagnostics: A Comprehensive Review of Advances in Digital Pathology,” Cureus, vol. 
16, no. 10, p. e71890, doi: 10.7759/cureus.71890. 
[2] B. L. Marwah Aparajita, “Evolving Landscape of Diagnostics’ Regulation in India & Digital Healthcare,” India Corporate 
Law. Accessed: Aug. 25, 2025. [Online]. Available: https://corporate.cyrilamarchandblogs.com/2023/03/evolving-landscape-of-
diagnostics-regulation-in-india-digital-healthcare/ 
[3] Dr.Lisha Ruparel, “The Shift In Healthcare Diagnostic Industry,” Healthcare Executive. Accessed: Aug. 25, 2025. 
[Online]. Available: https://www.healthcareexecutive.in/blog/shift-in-healthcare-diagnostic-industry 
[4] “The Vital Role of Clinical Laboratory Services and Analyses in Healthcare | AIMIS Healthcare Group.” Accessed: Aug. 
25, 2025. [Online]. Available: https://aimis.com/blog/the-vital-role-of-clinical-laboratory-services-and-analyses-in-healthcare 
[5] U. Waheed, M. Ahmad, A. Wazeer, M. Saeed, N. Saba, and F. Rasheed, “Medical laboratory science education: Shaping 
competent and skilled healthcare professionals,” vol. 1, pp. 58–63, Jun. 2023. 
[6] D. D. Das et al., “Crisis Management and Business Continuity: Lessons from Global Disruptions,” Journal of Theoretical 
Accounting Research, vol. 21, no. 1, pp. 73–79, Aug. 2025, doi: 10.53555/jtar.v21i1.10. 
[7] A. Katiyar, V. S. Sachan, W. Singh, P. Katiyar, D. S. Martolia, and S. Agarwal, “Enhancing Healthcare Service Quality 
through Awareness and Participation,” Indian Journal of Community Health, vol. 37, no. 1, pp. 145–150, Feb. 2025, doi: 
10.47203/IJCH.2025.v37i01.024. 
[8] L. Uma Tulasi, “Evaluation of Automated Solid-Phase Extraction for High- Throughput Drug Metabolism Studies,” 
Journal of Applied Bioanalysis, May 2025, doi: 10.53555/jab.v11i2.180. 
[9] B. Boche, S. Temam, and O. Kebede, “Inventory management performance for laboratory commodities and their 
challenges in public health facilities of Gambella Regional State, Ethiopia: A mixed cross-sectional study,” Heliyon, vol. 8, no. 
11, p. e11357, Nov. 2022, doi: 10.1016/j.heliyon.2022.e11357. 
[10] A. Gutesa, T. Jebena, and O. Kebede, “Inventory Management Performance for Tracer Medicines in Public Health 
Facilities of Southwest Shewa Zone Oromia Region, Ethiopia: A mixed study,” SAGE Open Med, vol. 12, p. 
20503121241274041, 2024, doi: 10.1177/20503121241274041. 
[11] A. Befekadu, W. Cheneke, D. Kebebe, and T. Gudeta, “Inventory management performance for laboratory commodities 
in public hospitals of Jimma zone, Southwest Ethiopia,” J Pharm Policy Pract, vol. 13, p. 49, 2020, doi: 10.1186/s40545-020-
00251-1. 
[12] B. Boche, T. Mulugeta, and T. Gudeta, “Assessment of Inventory Management Practices at the Ethiopian Pharmaceuticals 
Supply Agency, Addis Ababa, Ethiopia,” Integr Pharm Res Pract, vol. 9, pp. 175–183, 2020, doi: 10.2147/IPRP.S269421. 
[13] T. A. Damtie, A. J. Ibrahim, and B. B. Yikna, “Supply Chain Management Performance of HIV/AIDS Commodities and 
Factors Affecting It at Health Facilities of SNNPRS of Ethiopia; from the Perspective of Achieving 90-90-90 Strategies,” Integr 
Pharm Res Pract, vol. 9, pp. 11–21, 2020, doi: 10.2147/IPRP.S228162. 
[14] H. A. Hailu et al., “Physicians’ satisfaction with clinical laboratory services at public hospitals in Ethiopia: A national 
survey,” PLoS One, vol. 15, no. 4, p. e0232178, Apr. 2020, doi: 10.1371/journal.pone.0232178. 
[15] S. Agarwal, A. Mishra, P. Katiyar, C. Kumar, S. Kushwaha, and H. Kumar, “Diabetes Mellitus: Understanding the disease, 
its diagnosis, and management strategies in present scenario,” African Journal of Biomedical Research, vol. 27, no. 3, Art. no. 3, 
Nov. 2024. 
[16] A. Mishra, S. Agarwal, and P. Katiyar, “Myocardial Infarction: A Comprehensive Review,” Journal of Advanced Zoology, 
vol. 44, no. 4, pp. 883–891, Sep. 2024, doi: https://doi.org/10.17762/jaz.v44i4.1743. 
[17] “FULL_BOOK_PP-CMA-2017-JULY_4.pdf.” Accessed: Aug. 25, 2025. [Online]. Available: 
https://www.icsi.edu/media/webmodules/publications/FULL_BOOK_PP-CMA-2017-JULY_4.pdf 
[18] Craig Bradley, “Lab Inventory Management: Best Practices for Efficiency, Cost Savings, and Compliance | Lab Manager.” 
Accessed: Aug. 25, 2025. [Online]. Available: https://www.labmanager.com/lab-inventory-management-guide-12258 
[19] E. Magid et al., “[Costs and prices of laboratory services],” Ugeskr Laeger, vol. 153, no. 39, pp. 2730–2733, Sep. 1991. 
[20] Z. Meshkani, S. M. M. Nejad, N. M. Moghaddam, B. Popesko, and N. V. Yekani, “Analysis of Cost Price and Net Profit 
of Laboratory: Case Study of Iran,” vol. 4, no. 10, 2017. 
[21] S. Mehtani, “Understanding FIFO: First In, First Out Method Explained,” EnKash. Accessed: Aug. 25, 2025. [Online]. 
Available: https://www.enkash.com/resources/blog/first-in-first-out-method/ 
[22] “LIFO Last In First Out: Understanding Its Application in Inventory Management | finally.” Accessed: Aug. 25, 2025. 
[Online]. Available: https://finally.com/blog/accounting/lifo-last-in-first-out/ 
[23] By accountancy, “Average Cost Method – Auditing Accounting.” Accessed: Aug. 25, 2025. [Online]. Available: 
https://auditingaccounting.com/average-cost-method 
[24] M. Greeff, “Cost-per-Test: Activities are the key,” eValuate. Accessed: Aug. 25, 2025. [Online]. Available: 
https://evaluateabc.com/2023/12/12/cost-per-test-activities-are-the-key/ 
[25] A. Mouseli, M. Barouni, M. Amiresmaili, S. M. Samiee, and L. Vali, “Cost-price estimation of clinical laboratory services 
based on activity-based costing: A case study from a developing country,” Electron Physician, vol. 9, no. 4, pp. 4077–4083, Apr. 
2017, doi: 10.19082/4077. 



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 23s, 2025 
https://theaspd.com/index.php 

525 
 

[26] B. Declerck, M. Swaak, M. Martin, and K. Kesteloot, “Activity-based cost analysis of laboratory tests in clinical chemistry,” 
Clin Chem Lab Med, vol. 59, no. 8, pp. 1369–1375, Jul. 2021, doi: 10.1515/cclm-2020-1849. 
[27] H. Asgari Alouj, “Activity based costing model in laboratory of care hospital,” vol. 6, pp. 6811–6817, Jun. 2012, doi: 
10.5897/AJBM11.406. 
[28] D. Deng, L. Y. J. Liu, and S. Wen, “The Impact of Accountability-Oriented Control Aspects of Variance Investigation on 
Budgetary Slack and Moderating Effect of Moral Development,” Front Psychol, vol. 11, p. 583643, Dec. 2020, doi: 
10.3389/fpsyg.2020.583643. 
[29] M. C. Jerryson Ameworgbe Gidisu, “THE RELATIONSHIP BETWEEN BUDGETARY CONTROLS AND 
ORGANIZATIONAL PERFORMANCE: A STUDY ON HOW EFFECTIVE BUDGETING STRATEGIES LEAD TO 
CORPORATE GROWTH,” Apr. 2025, doi: 10.5281/ZENODO.15165809. 
[30] D. K. Vaka, “Integrating Inventory Management and Distribution: A Holistic Supply Chain Strategy,” International 
Journal of Managing Value and Supply Chains, vol. 15, pp. 13–23, Jun. 2024, doi: 10.5121/ijmvsc.2024.15202. 
[31] K. S. M. Upadhyaya, “A Comprehensive Analysis of Inventory Management and Its Potential Implications on Financial 
Reports,” vol. 6, no. 3, 2024. 
[32] B. Balkhi, A. Alshahrani, and A. Khan, “Just-in-time approach in healthcare inventory management: Does it really work?,” 
Saudi Pharm J, vol. 30, no. 12, pp. 1830–1835, Dec. 2022, doi: 10.1016/j.jsps.2022.10.013. 
[33] M. Howlett, E. Niarchou, and B. D. Naughton, “The response of the Irish pharmaceutical manufacturing sector to the 
COVID-19 pandemic with a focus on Lean and JIT,” J Med Access, vol. 8, p. 27550834241250279, 2024, doi: 
10.1177/27550834241250279. 
[34] J. Wu, J. Qiao, S. Nicholas, Y. Liu, and E. Maitland, “The challenge of healthcare big data to China’s commercial health 
insurance industry: evaluation and recommendations,” BMC Health Serv Res, vol. 22, no. 1, p. 1189, Sep. 2022, doi: 
10.1186/s12913-022-08574-2. 
[35] O. Madamidola, O. Daramola, K. Akintola, and O. Adeboje, “A Review of Existing Inventory Management Systems,” 
International Journal of Research in Engineering and Science, vol. 12, pp. 40–50, Sep. 2024. 
[36] Redaction Team, “10 Advantages and Disadvantages of Economic Integration.” Accessed: Aug. 25, 2025. [Online]. 
Available: https://barrazacarlos.com/advantages-and-disadvantages-of-economic-integration/ 
[37] S. A. Almehwari, I. S. Almalki, B. A. Abumilha, and B. H. Altharwi, “Improving Hospital Efficiency and Cost 
Management: A Systematic Review and Meta-Analysis,” Cureus, vol. 16, no. 10, p. e71721, doi: 10.7759/cureus.71721. 
[38] S. R. Osborne et al., “Beyond the black stump: rapid reviews of health research issues affecting regional, rural and remote 
Australia,” Med J Aust, vol. 213 Suppl 11, pp. S3-S32.e1, Dec. 2020, doi: 10.5694/mja2.50881. 
[39] K. Crider et al., “Folic acid supplementation and malaria susceptibility and severity among people taking antifolate 
antimalarial drugs in endemic areas,” Cochrane Database Syst Rev, vol. 2, no. 2022, p. CD014217, Feb. 2022, doi: 
10.1002/14651858.CD014217. 
[40] Anthony Villanueva, “11 strategies for effective cost optimization | Outsource Accelerator,” 11 strategies for effective cost 
optimization. Accessed: Aug. 25, 2025. [Online]. Available: https://www.outsourceaccelerator.com/articles/cost-optimization/ 
[41] Abby Jenkins, “Inventory Management KPIs You Should Know in 2022,” Oracle NetSuite. Accessed: Aug. 25, 2025. 
[Online]. Available: https://www.netsuite.com/portal/resource/articles/inventory-management/inventory-management-kpis-
metrics.shtml 
 
 


