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Abstract @

Introduction:

Sustainable pharmaceutical supply chain manag%in hospital pharmacies is a critical component of

healthcare systems and requires a multidimepsi approach. This study aimed to analyze the causal

structure and interrelationships among fac@affecting pharmaceutical supply chain sustainability,

considering economic, social, and envirggm8gtal dimensions in hospital pharmacies in Yazd City, Iran.

Methods:

This applied analytical study Ea% #inducted in two phases. First, factors influencing sustainable
e(

anagement and Economics,
ces, Yazd, Iran.

pharmaceutical supply chain nt were identified using a questionnaire developed based on the
Supply Chain Operations R@w SCOR) model, including five dimensions: reliability, responsiveness,
flexibility, cost managemiehty ahd asset management. The content validity of indicators was assessed using
Lawshe’s content va&ité io (CVR), and the final indicators were validated by experts in pharmaceutical
management an pwal pharmacy services. In the second phase, the fuzzy Decision-Making Trial and
Evaluation Lat@y (Fuzzy DEMATEL) approach was used to determine causal relationships and

prioritize pafluentiaPfactors.

Asset gement and cost management were identified as the main causal and influential dimensions,
whereas reliability, responsiveness, and flexibility were categorized as effect dimensions. At the indicator
level, insufficient staffing, weak relationship management with distributors, ineffective performance of
pharmacy and therapeutics committees, and inadequate cost-revenue analysis were among the most
influential factors. The causal network map demonstrated complex interrelationships among the identified
factors.

Conclusion:
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This study provides a systematic understanding of causal relationships influencing sustainable
pharmaceutical supply chains in hospital pharmacies. Strengthening asset and cost management, improving
inventory systems, and enhancing organizational coordination may contribute to greater sustainability,
resilience, and operational performance of pharmaceutical supply chains.
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* What was already known about this topic

= Sustainable pharmaceutical supply chain management is essential for ensur &ely
access to medicines, improving healthcare quality, and enhancing patient outcormes.

= Efficient pharmaceutical supply chains reduce medication shortages, W,a{e‘,u&

operational inefficiencies in healthcare systems. e
What this study added to our knowledge
e This study revealed that asset management and cost m ent act as key causal
drivers of sustainable pharmaceutical supply chai fgrmance, while reliability,

responsiveness, and flexibility are predominantl imensions.
o The causal analysis identified insufficient pharfface®gical workforce, weak distributor

relationship management, poor performance o ital drug committees, prolonged
insurance reimbursement, and weak cost—in alysis as important upstream drivers
that can influence multiple aspects of suppl in performance.

« The findings suggest that improving p aceutical supply chain sustainability requires
a shift from isolated operational in W)ns toward prioritizing upstream managerial,
financial, and coordination-relat ors, particularly those with a causal role in the
supply chain network.

e The resulting causal netwt@ovides a practical basis for prioritizing resources,
redesigning hospital pharmacy performance evaluation, and developing targeted
interventions to stre erv;eliability, responsiveness, flexibility, and resilience.

A
6‘?
Extended ract

Introduction
Pharmaceytical ply chain sustainability is essential for ensuring uninterrupted access to
I é

medjci maintaining healthcare quality [1, 2]. Hospital pharmacies, as the final link in this
ch!&g a critical role in inventory control, timely drug availability, and cost management [3,
4]. Howrver, poor inventory management, inaccurate demand forecasting, financial constraints,
and inadequate coordination among stakeholders continue to threaten supply chain performance
and resilience [5-14]. Previous studies have addressed distribution network design, sustainability
determinants, and supply chain coordination [15-20], yet limited attention has been given to the
causal relationships among sustainability factors in hospital pharmacies. This study addresses this
gap by adapting the SCOR( Supply-Chain Operations Reference Model )framework and

integrating Lawshe’s content validity method with fuzzy DEMATEL (Decision making trial and
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evaluation laboratory) to identify and analyze key determinants of sustainable pharmaceutical

supply chain management in hospital pharmacies, providing evidence to support managerial
decision-making and resource prioritization [21].

Methods
This applied analytical study was conducted in 2025 in the Iranian calendar in two sequential

phases. In the first phase, factors influencing pharmaceutical supply chain sustainabjlity were
identified using a questionnaire based on the SCOR model, encompassing five dy i

reliability, responsiveness, flexibility, cost management, and asset management [16]- initial
questionnaire included 59 indicators, and content validity was assessed using the alidity
Ratio (CVR) and Lawshe method. According to Lawshe’s criterion, the mini cce&ptable CVR

value for 20 experts is 0.22 (Lawshe, 1975). Indicators with CVR values b e threshold or
expert judgment mean scores below 1.5 were eliminated. Ultimately, 36 in ors were retained
and 23 were removed.

The study population consisted of 20 experts in pharmaceutical agement and hospital
pharmacy services from public and private hospitals in city X. InquSipn criteria included relevant
professional experience, prior work in hospital pharmacies, iliarity with pharmaceutical

supply chain management.

In the second phase, causal relationships among identiﬁ@ ors were analyzed using the fuzzy
DEMATEL technique. This method involves five step® W constructing the fuzzy direct-relation
matrix based on average expert evaluations; (2) no 1zing the matrix using the largest upper
bound of fuzzy numbers; (3) calculating the total-relation matrix; (4) defuzzifying results
and computing D, R, D+R, and DR values; determining the threshold value and mapping
the network relationship model (NRM).

In this framework, D represents the i ce exerted by each factor, while R reflects the influence
received. A positive D-R value imdicates a causal (driving) factor, whereas a negative D—R value

indicates an effect (dependen@cﬁr.

Results %

— Phase 1: Identiﬁ%on of Factors Using Content Validity Analysis
Following the on and analysis of the questionnaires based on the content validity method,
the results presefggd in Table 1 were obtained. Out of the 59 initially identified factors, 36 factors

were ac d, and 23 factors were rejected.
Table esults of Content Validity Analysis (CVR Method)

Dimension Factor Count | Count | Count | Mean | CVR | Result
0 1 2
Insufficient number of 1 1 18 1.85 | 0.8 Accepted

personnel (clinical pharmacist,
experts, technicians,
storekeepers)

Poor management of distributor | O 2 18 1.9 0.8 Accepted
relationships (selection,
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contracts, access,
communication)
Lack of flexibility among 0 1 19 195 | 0.9 Accepted
distributors (financial strength,
liquidity)
Low loyalty and weak 0 4 16 1.8 0.6 Accepted
commitment of distributors,
especially during crises
High lead time for receiving | O 4 16 1.8 0.6 Accepted
- orders from distributors
Reliability Lack of demand forecasting for | O 5 15 1.75 . f,&oted
drugs and supplies
Inability to forecast sales 5 2 13 1.4
Inadequate physical space for | 2 7 11 1. Rejected
compounding medications
Absence of fireproof rooms for | 0 5 15 1. Accepted
flammable drugs/materials
Theft from pharmaceutical | 2 7 11 145 |01 Rejected
warehouse
Lack of retraining programs for | 2 11 1.25 | -0.3 | Rejected
pharmacy staff
Absence of patient medication | 4 d ’W 1.35 |01 Rejected
records '\
Lack of monthly performance | 3 112 145 | 0.2 Rejected
reporting to hospital
management @
Weak quality control system for | 1 11 8 1.35 | -0.2 | Rejected
pharmacy medications
Weak management of qugia- 3 17 185 |07 Accepted
based drug distribution (FI@
Weak interaction ! 5 6 9 1.2 -0.1 | Rejected
medical supplies sup@and
pharmacy staff
Weak supervisfon of medical | 5 8 7 11 -0.3 | Rejected
Reliability supplies pr
Untimel ng of shortages | 0 5 15 175 |05 Accepted
|n cent tem
ahagement of narcotic | 0 4 16 1.8 0.6 Accepted
& ribution (FDA)
Weak communication between | 0 5 15 175 |05 Accepted
pharmacy and hospital wards
High lead time between | 0 6 14 1.7 0.4 Accepted
ordering and delivery
Mismatch between HIS records | 0 11 9 1.45 | -0.1 | Rejected
and actual inventory
Limited access to clinical | O 5 15 175 |05 Accepted
pharmacists (24/7)
Lack of pharmacist involvement | 0 8 12 1.6 0.2 Accepted
in clinical teams
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Poor performance of hospital | 0 7 13 165 | 0.3 Accepted
drug committee
Dual pricing of medications 5 6 9 1.2 -0.1 | Rejected
Weak periodic  inspections | 5 8 7 1.1 -0.3 | Rejected
(FDA)
Weak follow-up of shortages | O 1 19 195 | 0.9 Accepted
(FDA)
Improper distribution of scarce | 0 9 11 155 |01 Accepted
medical supplies
Lack of follow-up on quality | O 11 9 1.45
issues of medical supplies
Weak responsiveness in |1 2 17 1.8
Responsiveness | emergencies
Outpatient drug/supply services | 1 11 8 1. Rejected
Outdated formulary 1 4 15 1. Accepted
Incomplete/subjective 2 9 9 1 Rejected
formulary
Lack of alignment between | 3 5 12 145 10.2 Rejected
formulary and prescriptions
Outdated cost calculation 1 1 1 185 |08 Accepted
Non-pharmacy administrative | 7 6 o & 1.0 -0.3 | Rejected
tasks performed by pharmacist
Traditional procurement | 5 12 135 | 0.2 Rejected
methods
Lack of brand registration in | 4 6 1.1 -0.4 | Rejected
HIS
Flexibility Limited proficiency of 5 12 145 | 0.2 Rejected
pharmacists in HIS/financi &
systems
Lack of exchange of ‘Iow, 2 2 16 1.7 0.6 Accepted
use/near-expiry items
Lack of review o@ned 2 3 15 165 |05 Accepted
medications
Lack of reflew of near- | 2 2 16 1.7 0.6 Accepted
expiry/expigEddigefitations
Poor agement of low- | 1 8 11 1.5 0.1 | Accepted
use/ sgntial drugs
Poiémprﬁgement of high-use | 1 4 15 1.7 0.5 | Accepted
u
management of high-cost | 1 3 16 175 |06 Accepted
rugs
Cost Q;oor management of personnel | 2 7 11 125 |01 Rejected
Manage COsts
,@ Lack of financial experts 2 4 14 1.6 0.4 Accepted
Excessive  prescribing by [ 5 2 13 1.4 0.3 Rejected
residents
Unnecessary  prescribing by | 5 2 13 1.4 0.3 Rejected
residents
Lack of FIFO inventory system | 3 3 14 155 |04 Accepted
Cost Poor physical conditions of | 1 1 18 185 |0.8 Accepted
Management warehouse
Lack of insurance for drug | 1 2 17 1.8 0.7 Accepted
warehouses
Absence of unit-dose dispensing | 2 5 13 155 |0.3 Accepted
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Long debt settlement duration 0 6 14 1.7 0.4 Accepted
Long insurance reimbursement | O 2 18 1.9 0.8 Accepted
duration
Asset Weak liquidity management 1 4 15 1.7 0.5 Accepted
Management Weak cost—-income analysis 1 6 13 1.6 0.3 Accepted
Inappropriate physical location | 2 6 12 1.5 0.2 Accepted
of pharmacy

— Phase 2: Fuzzy DEMATEL Analysis
The values of the indices (Di — Ri) indicate whether each criterion belongs to the c%ﬁoup

(positive values) or the effect group (negative values).

Table 2 Calculation of D, R, D+R, and D-R for Main Dimensions e &

Dimension Di Ri D+R | D-R | Type
Reliability 1.911 | 2.384 | 4.296 | —0.473 | Effect
Responsiveness 1.915 | 2.185 | 4.100 | —0.270 | Effect
Flexibility 1.869 | 2.208 | 4.077 | —0.339 | Effect

Cost Management | 1.422 | 1.382 | 2.804 | +0.040
Asset Management | 2.055 | 1.012 | 3.067 | +1.042

The analysis shows that Asset Management and anagement are the most influential
(causal) dimensions, whereas Reliability, Flexibilit d Responsiveness are the most affected
(resultant) ones in the sustainable pharmaceuti upply chain. Among these, Reliability exhibits
the strongest interactions with other dime@ highlighting its strategic importance. The
influence and dependence of factors wi ch dimension were calculated using the same
procedure applied in the dimension-le? ysis, with results presented in Table 2.

Table 3 Calculation of D, R, DR, antd D-R for All Factors Across Dimensions

A0
Dimension r/ Di Ri D+R | D-R | Type
A P

Reliability Insuffici ‘I@berofpersonnel: 2421 | 1.734 | 4156 | 0.687 | Cause
tJexperts, technicians,

anagement of 2.686 | 2.178 | 4.864 |0.508 | Cause
unication with distributors:
tion method, contract process

'QLack of flexibility of distributors | 2.152 | 2.033 | 4.184 | 0.119 | Cause
(financial strength and liquidity)

Low loyalty and weak commitment | 1.800 | 2.005 | 3.805 |—-0.204 | Effect
of distributors, especially during
crises

High average time to receive orders | 2.786 | 2.530 |5.316 |0.256 | Cause
from distributors
Lack of calculation and forecasting | 1.305 | 2.507 | 3.811 | —1.202 | Effect
of drug and supply demand by the
pharmacy



ca://s/?q=Explain_this_factor

Accepted in Journal of Health Administration

Absence of fireproof room/space for | 0.887 | 1.493 | 2.380 | —0.606 | Effect
flammable drugs and materials

Weak management of quota-based | 1.966 | 2.105 | 4.071 | —0.139 | Effect
drug distribution by the Food &
Drug Administration

Untimely reporting of shortages in | 2.253 | 2.291 | 4.545 | —0.038 | Effect
the central system

distribution by the Food & Drug

Reliability Weak management of narcotic drug | 2.513 | 1.895 | 4.408 | 0.619 _%e
Administration

Responsivene | Weak communication between the | 2.215 | 1.962 | 4.178 | 0.2 ause

ss pharmacy and various hospital &
departments
.074 A

High average time between ordering | 2.068 | 2.006 63 | Cause
and delivering medication to

patients

Poor access (lack of access) to | 1.300 | 1.91 217 | —0.617 | Effect
clinical pharmacist around the clock o &

Lack of use of pharmacists in the | 0.8 2.106 | —0.367 | Effect

treatment team as consultants

Poor performance of the hospital 2.282 | 4.850 |0.286 | Cause
drug committee

Weak follow-up of drug and sup, 2.332 [ 2.098 |4.430 |0.234 | Cause
shortages by the Food &

Administration Q
Improper distribution arce | 1.760 | 2.045 | 3.805 |—0.285 | Effect
medical supplies @h the

trustees with FDAcoordation
Poor responsiv, ess)in emergency | 1.647 | 1.677 | 3.324 | —0.031 | Effect
situations .

rug formulary | 1.797 | 2.100 |3.897 | —0.302 | Effect
1a)

alculation of drug and | 2.144 | 1.376 | 3.520 | 0.768 | Cause

Flexibility of exchange of | 7.054 | 7.086 | 14.140 | —0.032 | Effect
low¥Consumption or near-expiry

»erugs/supplies via FDA (between
units)

Lack of monthly review and return | 7.475 | 6.921 | 14.396 | 0.555 | Cause
of unused drugs from wards

Lack of review of drugs with short | 7.192 | 6.612 | 13.804 | 0.579 | Cause
or expired shelf life

Poor management of low-use or | 6.906 | 6.908 | 13.815 | —0.002 | Cause
non-use drugs and supplies

Poor management of | 7.451 | 6.905 | 14.356 | 0.545 | Cause
high-consumption drugs
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Poor management of expensive | 5.851 | 7.497 | 13.347 | —1.646 | Effect
drugs

Cost Lack of use of expert financial | 1.326 | 1.424 | 2.751 | —0.098 | Effect
Management | manager for cost management
Absence of proper inventory system | 0.675 | 0.877 | 1.552 | —0.202 | Effect
such as FIFO
Poor physical conditions of drug | 0.602 | 0.710 | 1.303 | —0.099 | Effect
warehouse: temperature, humidity,
contamination
Lack of insurance coverage for |0.662 | 0.711 |1.374 |-0.049 ect
hospital drug warehouses

Absence of Unit Dose system for | 0.623 | 0.782 | 1.405 7@ Effect
drug distribution to wards @

Long duration of debt settlement 0.801 | 0.655 | 1.456 46 | Cause
Long duration of insurance | 0.830 | 0.368 8 ]0.461 | Cause
reimbursement

Asset Weak liquidity management of the | 2.002 | 2.05 .061 | —0.058 | Effect

Management | pharmacy o
Weak cost—income analysis 3.3 6.362 | 0.242 | Cause
Pharmacy located in an | 3.0 274 16.364 | —0.184 | Effect
inappropriate physical location /P

actors were insufficient human resources, weak

ibutor relationship management, weak drug
rsement duration, and weak cost-income analysis
ack of demand forecasting, no fireproof storage, low
responsiveness, poor management of high-cost drugs,

According to Table 3:The most influential (cau

narcotic distribution management, poor
committee performance, long insurance r
and The most influenced effect factor
distributor commitment, weak emer
and inappropriate pharmacy location.

)
Discussion

The findings of this s wdicate that the sustainability of the pharmaceutical supply chain in
hospital pharmaci redominantly shaped by managerial and financial determinants.
Weaknesses in g management and cost management identified as causal dimensions—can
generate exte consequences across other areas of the supply chain, including reduced
reliability, prolofged response times, diminished flexibility, and increased medication-related
errors. restlts align with previous research emphasizing the critical role of inventory
ma , Stakeholder coordination, and robust information infrastructure in ensuring supply
chain ormance [15-20].

From a managerial perspective, improving pharmaceutical supply chain sustainability requires a
shift from reactive strategies toward integrated, proactive, and data-driven management. Intelligent
information systems for inventory monitoring, demand forecasting, and shortage detection can
enhance responsiveness and reliability. Blockchain technology improves transparency and
traceability [21], while Industry 5.0 enables human-technology collaboration and sustainable
supply chain development [22]. Sustainability-oriented key performance indicators support
resource optimization and operational efficiency [23].
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Limitations
This study has several limitations that should be considered when interpreting the findings:

o The relatively small sample size (20 experts) may limit the generalizability of the results.

e The study was conducted in a single city, and regional variations were not examined.

o Reliance on expert judgment may introduce subjective biases.

« External factors such as national pharmaceutical policies and broader economigCofgitjons
were not included in the analysis.

Despite these limitations, the use of the fuzzy DEMATEL technique combjnedfwité/the SCOR
model enhances the robustness and credibility of the findings. 6
Conclusion t

This study offers a systematic map of the causal relatlpn ong factors affecting the
sustainability of the pharmaceutical supply chain in hosp cies. The resulting framework
provides a practical foundation for decision-making in @ eutical management. Prioritizing
key causal factors particularly asset manageme rovement of inventory systems,
strengthening intra-organizational coordination, an ancmg financial analytical capabilities
can significantly improve the resilience and long-term sustainability of hospital pharmacy supply
chains.

These insights can support the develo ﬁnaﬂonal policies, revision of performance
evaluation models for hospital pharmac@;nd the design of interprofessional collaboration
strategies among pharmacists, nurse hysicians.

The present study provides a structuretycausal map of the factors influencing the sustainability of
the pharmaceutical supply chfin, offering a practical framework for decision-making in
pharmaceutical managemen mlng on key causal drivers particularly asset management,
improving inventory sy strengthening internal coordination, and enhancing financial

analysis can mgmﬂce;@ ease the resilience and sustainability of hospital pharmacy supply
chains. These finding also support the development of national policies, revision of pharmacy
performance evalyatgn models, and the advancement of interprofessional collaboration among
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