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Artificial intelligence (AI) offers considerable potential to improve efficiency and 
resilience in pharmaceutical supply-chain management. Data-driven forecast-
ing models that incorporate both endogenous and exogenous shocks within 
and beyond health systems can strengthen predictions of drug demand, reduc-
ing stockouts and overstocking. Improved forecasting may mitigate preventable 
morbidity, financial costs, and environmental waste associated with expired or 
emergency-procured medicines. In this Perspective, we outline Thailand’s pub-
licly funded pharmaceutical supply-chain architecture and assess its readiness 
for adopting AI-enabled drug-demand forecasting. Although complex, Thailand 
has a well-defined system for managing publicly funded medicines. However, 
we identify four key system-level barriers to the effective adoption of AI-enabled 
drug-demand forecasting in Thailand. These include (i) inconsistent drug coding 
and data standards; (ii) limited data integration and data sharing; (iii) fragmented 
and incompatible digital infrastructure; and (iv) gaps in ethical governance and 
regulatory preparedness. Addressing these structural constraints will be essential 
to realize the potential of AI-driven forecasting to strengthen performance of the 
pharmaceutical system in Thailand and similar settings.
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1 Introduction

Pharmaceutical supply chains are critical to ensure timely access to essential medicines. 
Yet, many health systems worldwide continue to face persistent inefficiencies such as stock 
imbalances, delayed deliveries, and premature expirations (Privett and Gonsalvez, 2014; Shukar 
et al., 2021). These challenges not only disrupt patient care but also increase operational costs 
and contribute to large-scale medicine wastage, which carries both economic and environmen-
tal consequences. Recent evidence suggests that the pharmaceutical sector contributes nearly 
a quarter of healthcare-related greenhouse gas emissions, with much of this impact linked to 
overproduction, inefficient distribution, and the improper disposal of unused medicines (Roy, 
2021). The COVID-19 pandemic further exposed the fragility of these systems and highlighted 
the urgent need for more responsive, data-driven supply-chain solutions (Salahuddin et al., 
2022; Prasertsri, 2024; Pathan and Ruangchoengchum, 2025).

Artificial intelligence (AI) has emerged as a promising tool to address these systemic chal-
lenges (Nuta et al., 2025; Kaur and Prakash, 2025; Hussain et al., 2024). AI can improve 
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forecasting accuracy, streamline distribution, and strengthen supply-
chain resilience by integrating and analyzing large, diverse datasets, 
often through near-real-time or regularly updated data pipelines. 
Several countries have implemented AI in pharmaceutical logistics 
and evidence shows that AI-enabled forecasting significantly lowers 
the costs, reduces shortages, and lessens environmental impact (India 
UNDP, n.d.; Indonesia UNDP, 2024; inSupply Health, 2024).

In Thailand, the use of digital health (including AI) to enhance 
health system efficiency has accelerated since the COVID-19 pan-
demic. However, its application in the pharmaceutical supply chain 
remains limited. Health facilities primarily rely on either historical 
procurement records or expert judgement to forecast drug demand. 
However, predicting drug demand has become increasingly challeng-
ing for two reasons. First, Thailand is vulnerable to climate change and 
the depth and breadth of its impact on health and health system is 
accelerating (Ratanawong et al., 2025). Second, to ensure timely access 
to care, Thailand introduced the “One ID” policy, which allows 
patients to receive care in any healthcare facility across the country 
whereas access was previously more closely tied to patients’ registered 
facilities (Srithamrongsawat et al., 2024; Office FA, n.d.). Addressing 
this challenge requires accurate and robust demand forecasting that 
can account for exogenous and endogenous shocks within and outside 
the health sector (Suchonwanich et al., 2020a; Suchonwanich et al., 
2020b; Thammatacharee et al., 2020; HITAP, 2024). Therefore, we 
developed a prototype of an AI-enabled drug forecasting tool1 using 
data from two hospitals in Thailand (Samniang et al., 2026). However, 
the accuracy, reliability, and effective adoption of such tools depend 
on several system-level factors.

In this Perspective, we examined the potential role of AI in phar-
maceutical logistics and Thailand’s publicly funded pharmaceutical 
supply-chain architecture. Drawing on a targeted desk review, stake-
holder consultation insights, and practical observations from proto-
type development, we identified system-level barriers that may affect 
implementation of AI-enabled drug-demand forecasting. Findings 
were interpreted in relation to selected thematic domains from the 
WHO European Region’s assessment of AI readiness for health sys-
tems to inform policy considerations for effective, equitable, and scal-
able implementation (Dunning et al., 2026).

2 Artificial intelligence in 
pharmaceutical supply chains

AI in the pharmaceutical supply chain involves using advanced 
computational tools such as machine learning (ML), deep learning, 
predictive analytics, and natural language processing to improve how 
medicines move from production to the point of care (Vadaga et al., 
2025). By combining data from manufacturing, inventory, demand 
trends, and real-time environmental monitoring, AI enables more 
accurate, data-driven decisions in procurement, storage, and distribu-
tion. Unlike conventional forecasting approaches based largely on 
historical averages, AI can process large and diverse datasets to iden-
tify patterns, forecast demand, and adjust to exogenous shocks such 
as outbreaks or updated treatment guidelines (Al-Hourani and 
Weraikat, 2025; Sharma et al., 2025; Shen et al., 2024; Bhatt and 

1  https://hitap-10i5.onrender.com/

Kumar, 2023). These capabilities make AI a transformative tool for 
optimizing the pharmaceutical supply chain.

ML plays a central role in this optimization. Supervised and unsu-
pervised algorithms can forecast demand by analyzing historical 
usage, seasonal disease trends, and external factors such as weather or 
public health alerts. Reinforcement learning and genetic algorithms 
can then improve inventory parameters such as reorder points, safety 
stock, and allocation rules based on real-time supply and consump-
tion data (Vadaga et al., 2025; Sharma et al., 2025). In distribution, 
AI-powered routing and scheduling algorithms adjust deliveries to 
account for traffic, weather, and urgency. Meanwhile, Internet of 
Things (IoT)-enabled systems use networks of connected sensors and 
devices to monitor cold chains and help ensure that temperature-
sensitive medicines remain within safe limits (Vadaga et al., 2025; 
Shen et al., 2024).

Evidence from early adopters has shown the impact of AI-driven 
drug systems in strengthening their national drug supply chains. 
Tanzania’s AI drug forecasting system links central procurement and 
public facilities to improve stock availability and reduce waste (inSup-
ply Health, 2024); India’s Electronic Vaccine Intelligence Network 
(eVIN) uses real-time stock and temperature data to improve vaccine 
logistics and reduce stockouts (India UNDP, n.d.); and Indonesia’s 
Sistem Monitoring Imunisasi Logistik secara Elektronik (SMILE) 
system applies AI and big data analytics to monitor vaccine logistics 
and prioritize underserved areas, leading to a 70% reduction in stock-
outs within six months with an estimated return on investment (ROI) 
of 2.77 (Indonesia UNDP, 2024). In China, AI-assisted procurement 
systems have shortened delivery times by more than 20% by optimiz-
ing supplier performance and logistics coordination (Shen et al., 
2024). For instance, AI-driven forecasting models have achieved up to 
a 22% reduction in supply chain costs and an 18% increase in delivery 
efficiency by optimizing demand predictions and improving supplier 
performance (Rishi et al., 2025). These cases highlight how AI can 
enhance efficiency, reduce waste, and strengthen resilience across 
diverse health system contexts. The WHO assessment of AI readiness 
in health systems also emphasizes that successful AI implementation 
requires system-level preparedness, rather than relying solely on tech-
nical model development (Dunning et al., 2026). Effective implemen-
tation therefore requires high-quality, interoperable data systems, 
secure technical infrastructure for data collection and analytics, skilled 
personnel for system design, validation, and oversight, clear gover-
nance and accountability mechanisms to safeguard privacy and ensure 
transparency, and sustained investment with cross-sector collabora-
tion to support scale-up and long-term system maintenance (Vadaga 
et al., 2025; Al-Hourani and Weraikat, 2025; Shen et al., 2024; Bhatt 
and Kumar, 2023).

Understanding the potential role of AI in pharmaceutical supply 
chains provides a basis for examining Thailand’s public pharmaceuti-
cal system. Mapping how medicines are procured, stored, and distrib-
uted helps identify operational gaps and the conditions required for 
AI-enabled forecasting.

3 Approach and sources

Figure 1 presents the analytical framework used in this 
Perspective. We conducted a targeted, non-systematic desk review 
of academic literature, official reports, policy documents, and 
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technical materials on pharmaceutical procurement, public-sector 
logistics, digital-health systems, medicine data standards, and rel-
evant policies. Sources were identified through academic data-
bases, organizational websites, and reference-list checking and 
selected for their relevance to Thailand’s publicly funded pharma-
ceutical system and to at least one component of the analytical 
framework.

We also drew on two stakeholder consultation meetings con-
ducted between July and August 2025 as part of a separate 
AI-enabled drug-demand forecasting prototype study (Samniang 
et al., 2026). A total of five participants from the Government 
Pharmaceutical Organization (GPO) and two provincial hospitals 
in Lamphun were invited based on their involvement in pharma-
ceutical procurement, inventory, and supply management. 
Documentation relating to the Government Pharmaceutical 
Organization’s participation in the prototype study is provided in 
Supplementary Material 2.

The consultations were not designed as formal qualitative study. 
Meeting notes were reviewed by the research team and were orga-
nized according to predefined topics, including current forecasting 
practices, data availability, drug coding, interoperability, data shar-
ing, and implementation barriers (Supplementary Material 1). 
Findings from the desk review and consultation notes were com-
bined through a structured narrative synthesis, in which informa-
tion was compared across these topics and grouped into broader 
system-level themes. Practical challenges encountered during pro-
totype development, particularly those related to data quality, drug 
coding, interoperability, data access, and integration with procure-
ment workflows were used separately to contextualize these themes 
and are described in Section 4.2. The prototype served only as an 
illustrative implementation case; its development and performance 
evaluation are reported separately and were outside the scope of 
this Perspective. The resulting themes were then interpreted using 
relevant domains from the WHO European Region’s AI-readiness 
assessment as a conceptual reference.

4 Results

4.1 Architecture of Thailand’s public 
pharmaceutical system

Medicines listed in Thailand’s National List of Essential Medicines 
(NLEM) are covered under three public health insurance schemes: (i) 
Universal Coverage Scheme (UCS); (ii) Civil Servant Medical Benefit 
Scheme (CSMBS); and (iii) Social Security Scheme (SSS) (Thai Drug 
System C, 2020; Disayanun, 2021; Tangcharoensathien, 2024). The 
NLEM is organized into categories A-E: A covers first-line medicines; 
B, second-line alternatives; C, specialist-prescribed medicines; D, 
medicines subject to specified restrictions; and E, medicines under 
special programs. Category E1 covers medicines for government spe-
cial programs, while E2 covers high-cost medicines for specified con-
dition (Thai Drug System C, 2020). In practice, these categories 
translate into two main procurement pathways for NLEM medicines:

	•	 General NLEM drugs (A-D) are primarily procured at the hospital 
level. These include widely used, lower-cost medicines such as 
antibiotics, antihypertensives, and basic insulin. These are funded 
through capitation or Diagnosis-Related Group (DRG) payment 
systems and procured directly by hospitals from suppliers (Thai 
Drug System C, 2020; Disayanun, 2021).

	•	 Special Drug Program (SDP) medicines (E1 and E2), which are 
high-cost or specialized treatments managed centrally by the 
National Health Security Office (NHSO), rather than procured 
directly by hospitals. These drugs, often used for rare diseases, 
cancer, or complex conditions, require prior authorization, regis-
try enrollment, or fulfillment of specific clinical criteria. Examples 
include erythropoietin for dialysis patients and antiretrovirals for 
HIV (Thai Drug System C, 2020).

Non-NLEM drugs fall outside the essential list and are typically 
not reimbursed by public health schemes unless granted special 

FIGURE 1

Analytical framework and sources used in this perspective.
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approval. They may be funded through a hospital’s internal budget or 
paid for out of pocket or through private insurance (Thai Drug System 
C, 2020; Sermsuk et al., 2021).

Figure 2 provides an overview of Thailand’s pharmaceutical logis-
tics system, with the pathway for SDP medicines indicated by green 
arrows. Based on findings from both the literature review and insights 
from the stakeholder consultations, hospitals request these medicines 
through their hospital information system (HIS), which connects 
directly to the NHSO’s electronic claims (e-Claim) system for submit-
ting outpatient and inpatient reimbursement claims. Hospitals also 
report their drug procurement data via systems such as the Drug and 
Medical Supply Information Center (DMSIC), particularly for antiret-
roviral medicines, dialysis solutions, and erythropoiesis-stimulating 
agents (Thai Drug System C, 2020; Tangcharoensathien, 2024).

DMSIC, operated by the Ministry of Public Health, monitors 
national medicine and medical supply usage and provides data to the 
NHSO for procurement planning and reimbursement under the UCS 
(Thai Drug System C, 2020; Tangcharoensathien, 2024). It also feeds 
information into disease management workflows and the e-Claim 
system, especially for antitoxins, antiplatelets, and other E2-category 
medicines. Orders recorded in the HIS are also transferred to hospital 
warehouse systems. For selected products, these systems connect to the 
Vendor Managed Inventory (VMI) platform, through which the GPO 
coordinates stock monitoring and delivery to health facilities or patients, 
particularly for dialysis products (Disayanun, 2021; Sermsuk et al., 2021).

In contrast, general NLEM drugs, shown in blue arrows, consist 
of low-cost essential medicines purchased directly by public hospitals 
from suppliers based on their internal procurement processes. 
Suppliers then deliver the medicines straight to the hospitals without 
central involvement from the NHSO (Thai Drug System C, 2020; 
Sermsuk et al., 2021).

Thailand’s drug procurement and reimbursement system operates 
through two main pathways (Figure 3). For general NLEM medicines, 
hospitals procure medicines directly from suppliers, with inpatient 
costs reimbursed through a DRG-based payment arrangement within 

the hospital’s annual budget (Thai Drug System C, 2020; Disayanun, 
2021). In contrast, SDP medicines follow a more centralized pathway, 
where hospitals submit patient-level drug requests through NHSO-
linked systems such as DMSIC, e-Claim, or VMI, depending on the 
drug category. These systems are connected to broader financial and 
reimbursement platforms, including the Financial Data Hub (FDH), 
which was recently updated to link with the NHSO’s e-Claim system 
to support national-level financial management (National Health 
Security Office, 2024). For supplier selection, centrally procured medi-
cines are overseen by NHSO through the Government Procurement 
System (e-GP), using criteria such as price, quality, and regulatory 
compliance (Disayanun, 2021). Approved suppliers deliver medica-
tions either to hospitals or directly to patients (Thai Drug System C, 
2020; Disayanun, 2021; Tangcharoensathien, 2024). At the facility 
level, procurement decisions are guided by both strategic and opera-
tional mechanisms. Pharmacy and therapeutics committees (PTCs) 
support formulary and annual procurement planning, while routine 
ordering is typically managed by pharmacy inventory units using his-
torical consumption data, stock-control parameters, and prioritization 
tools such as AB analysis or ABC–VEN analysis (Suchonwanich et al., 
2020a; Umnuaypornlert and Kitikannakorn, 2014; Kritchanchai and 
Krichanchai, 2016; Rattanasiha, 2024; Yosprasit and Siengdee, 2024; 
Kaew-ngam, 2022). For some special program medicines, NHSO-
linked systems support pre-authorization, purchase order generation, 
and replenishment to hospital warehouses within a short timeframe.

Despite this structured system, persistent challenges including 
stock imbalances, drug registration delays, and fragmented data 
flows, highlight the need for more responsive and real-time solutions 
(Suchonwanich et al., 2020a; Thammatacharee et al., 2020; Thai Drug 
System C, 2020). The ongoing integration of the FDH and e-Claim 
systems represents an important step forward; however, data harmo-
nization across platforms remains a key barrier (Ministry of Public 
Health, 2025). The next section examines these barriers and consid-
ers how addressing them could support the effective use of AI in 
Thailand’s pharmaceutical supply chain.

FIGURE 2

Landscape of Thailand’s pharmaceutical logistics system.
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4.2 Key barriers to AI adoption in drug 
forecasting

4.2.1 Data readiness: inconsistent drug coding 
and data standards

At the core of AI readiness is access to interoperable and timely data. 
However, Thailand continues to use multiple drug coding systems, 
including the 24-digit code developed by the Thai Health Coding Center 
(THCC), Thai Medicines Terminology (TMT), Anatomical Therapeutic 
Chemical (ATC) codes, and Global Trade Item Numbers (GTINs) 
(Suchonwanich et al., 2020b; Kijsanayotin et al., 2016). Although TMT 
adoption is increasing, major databases such as the Health Data Center 
(HDC) still rely on the 24-digit code, while newly registered medicines 
may not yet have TMT codes, creating further fragmentation 
(Kijsanayotin et al., 2016). Similar challenges were observed during pro-
totype development, where the same medicine sometimes appeared 
under different local descriptions or internal hospital codes, requiring 
additional cleaning and code mapping. The absence of a unified and regu-
larly updated medicine database therefore remains a major barrier to AI 
readiness and forecasting accuracy. In response to these challenges, 
Thailand has introduced a five-year Identification of Medicinal Products 
roadmap to improve coding standardization, although implementation is 
still ongoing (Thai Food and Drug Administration, 2023). Shortages of 
skilled information technology (IT) personnel in operational and mana-
gerial roles may further delay the implementation and governance of 
national health-information systems (Suchonwanich et al., 2020b).

4.2.2 Data governance and access: limited 
integration and data sharing

In Thailand, data sharing across the health sector is often slow 
and complex due to limited coordination across institutions and 

ministries, as well as extensive administrative procedures. Although 
procurement and reimbursement data are available through several 
systems and reports (Figure 3), there is no integrated platform that 
tracks medicines across procurement, delivery, use, and reimburse-
ment under the UCS. Unlike centralized platforms such as 
OpenSAFELY in the United Kingdom, the All of Us Research Program 
in the United States, and France’s Health Data Hub, Thailand lacks a 
unified infrastructure for standardized data exchange across key stake-
holders (Bennett Institute for Applied Data Science, 2020; National 
Institutes of Health, n.d.; Health Data Hub, 2019). Similar challenges 
were encountered during prototype development, where access to rel-
evant hospital data required institution-specific coordination and 
approval, while data were stored in separate systems and formats, limit-
ing automated exchange and regular updates. These constraints are 
compounded by shortages of skilled personnel and limited awareness 
of AI tools, as reported in the Thailand AI Readiness Survey 2023 
(NSTDA Agency, 2023). Moreover, if forecasting models incorporate 
external drivers such as weather, air pollution, disasters, developing 
accurate and robust forecasts will require additional data-sharing 
arrangements with relevant non-health agencies.

4.2.3 Digital infrastructure and implementation 
readiness

Thai hospital-level forecasting currently relies mainly on historical 
dispensing or procurement data, simple consumption trends, and 
established ordering cycles. These approaches may be inadequate 
during disease outbreaks, changes in clinical guidelines, or supply-
chain disruptions (Suchonwanich et al., 2020a; Suchonwanich et al., 
2020b). On the supply side, organizations such as GPO and private 
vendors develop separate forecasting tools that operate in silos and are 
not integrated with hospital systems. Further complicating forecasting 
efforts is the diversity of hospital HIS systems used across different 
hospital-levels points raised during the stakeholder meeting. 

FIGURE 3

Drug reimbursement and financial flows under Thailand’s Universal Coverage Scheme.
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Secondary and tertiary hospitals often use Hospital information 
System xP (HOSxP), which features its own drug coding and requires 
mapping to standardized formats like the Thai Medicines Terminology 
(TMT) (Sarutiyapithorn et al., 2015). Primary care units and subdis-
trict health-promoting hospitals commonly use the open-source Java 
Health Center Information System (JHCIS) (Sarutiyapithorn et al., 
2015; Ministry of Public Health Thailand, 2017) while other institu-
tion have developed their own HIS platforms such as the Hospital 
Administrative Information Technology (HAIT) system, which may 
connect directly with NHSO and potentially the Food and Drug 
Administration (FDA) (Vachira Phuket Hospital, n.d.). Consultation 
and prototype-development (Samniang et al., 2026) insights indicated 
that hospitals also rely on numerous in-house and vendor-developed 
platforms beyond these major systems. This fragmented digital infra-
structure poses a significant barrier to establishing a unified, national-
level forecasting system that can support timely and coordinated 
medicine distribution.

4.2.4 Governance and regulatory readiness: 
ethical safeguards, accountability and trust

As interest in AI continues to grow, ethical and governance consid-
erations are becoming central to discussions around its application in 
healthcare. AI-enabled forecasting may requires access to patient-level 
or commercially sensitive facility-level data, raising critical questions 
under Thailand’s Personal Data Protection Act (PDPA) (HITAP, 2024). 
At the same time, evidence from Thailand’s health-system AI landscape 
indicates that governance and regulation remain critical enabling condi-
tions, with challenges including gaps in legal and institutional frame-
works that may hinder safe adoption (HITAP, 2025). At present, there is 
no formal national governance framework to guide the use of AI in 
healthcare logistics, creating further uncertainty for stakeholders.

Concerns are also growing around the adoption of foreign regula-
tory models such as the European Union’s AI Act, without sufficient 
localization, which could result in overregulation and delay the practi-
cal deployment of AI tools (Orlowski, 2024). While initiatives like the 
AI Governance Clinic (AIGC), led by the Electronic Transactions 
Development Agency (ETDA), are working to develop cross-sectoral 

AI governance guidelines, these efforts remain in early stages and have 
yet to be implemented at scale or integrated into healthcare logistics 
systems (NSTDA Agency, 2023; Saffa, 2023). Without clear gover-
nance and coordination, these gaps may undermine compliance with 
Good Distribution Practice (GDP) requirements and weaken institu-
tional and public trust in AI applications for pharmaceutical logistics.

5 Policy implications of targeted 
strategies

Thailand’s transition toward AI-enabled drug-demand forecast-
ing is constrained by interconnected challenges in data systems, 
governance, workforce capacity, and implementation readiness. 
Many of these issues may also apply to other low- and middle-
income countries facing similar health-system and digital-readiness 
constraints. To structure the interpretation, the Thailand-specific 
findings were considered in relation to six domains from the WHO 
European Region’s AI-readiness assessment (Dunning et al., 2026), 
which was used as a conceptual reference rather than as a formal 
tool to assess or benchmark Thailand (see Table 1).

Based on this interpretation, this Perspective proposes six strat-
egies for Thailand that may also be relevant to other LMICs facing 
similar digital-health and pharmaceutical supply-chain challenges:

	•	 Clarify national direction and oversight: define agency roles, 
shared priorities, and responsibility for coordinating AI-enabled 
pharmaceutical forecasting.

	•	 Build workforce and user capacity: train pharmacists, procure-
ment personnel, IT personnel, data scientists, managers, and 
regulators, while involving end users throughout 
system design.

	•	 Strengthen governance and accountability: establish clear guid-
ance on privacy, model validation, human oversight, transparency, 
cybersecurity, and auditing.

	•	 Improve data foundations: harmonize medicine coding systems, 
strengthen interoperability, establish an authoritative medicine 
database, and improve data-sharing arrangements.

TABLE 1  WHO AI-readiness domains and Thailand-specific findings.

WHO AI-readiness domain Relevant to the Thailand-specific findings

	1	 Strategy and oversight Thailand has broader AI and digital-health initiatives, but AI-enabled pharmaceutical forecasting requires clearer 

coordination, defined institutional roles, shared priorities, and stronger oversight mechanisms.

	2	 Stakeholders and workforce Shortages of skilled IT personnel, limited AI expertise, and gaps in implementation capacity may affect system development, 

validation, and routine use. Consultations also emphasized the need to involve operational users throughout system design 

and implementation.

	3	 Legal and policy structures Uncertainty remains around data privacy, accountability, model validation, auditing, and the absence of national guidance 

specific to AI use in pharmaceutical logistics.

	4	 Health-data governance Multiple medicine coding systems, fragmented hospital and national databases, limited interoperability, and complex data-

sharing procedures reduce data consistency, accessibility, and readiness for AI-enabled forecasting.

	5	 AI for health-system needs AI-enabled forecasting could help manage stock imbalances, disease-related changes in demand, patient mobility, and supply 

disruptions. However, forecasting output must be designed to fit existing inventory, budgeting, and procurement, and 

approval workflows.

	6	 Adoption barriers Scale-up is constrained by interconnected gaps in data quality, interoperability, workforce capacity, governance, financing, and 

long-term institutional support.
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	•	 Use phased implementation: test practical use cases in repre-
sentative hospitals and medicine categories before wider 
scale-up.

	•	 Ensure long-term sustainability: secure stable financing, clear 
institutional ownership, ongoing maintenance, and collaboration 
across government, hospitals, academia, and technology partners.

These strategies may be transferable to health systems facing frag-
mented data, limited interoperability, workforce constraints, and gov-
ernance gaps. However, their implementation should be adapted to 
country-specific financing arrangements, procurement pathways, 
medicine coding systems, institutional mandates, and digital 
infrastructure.

6 Limitations

This Perspective has several limitations. The targeted desk 
review may not have captured all relevant evidence, and the small, 
purposively selected stakeholder group may not represent all 
public- and private-sector pharmaceutical supply-chain actors in 
Thailand. The prototype was developed using data from a limited 
hospital context; therefore, the observed challenges may vary across 
facilities, regions, information systems, and medicine categories. 
Nevertheless, combining documentary evidence, stakeholder 
insights, and prototype-development experience provides a useful 
system-level perspective on AI-enabled drug-demand forecasting 
in Thailand.

7 Conclusion

Thailand’s system for managing publicly funded medicines is 
complex but has clearly defined procurement and reimbursement 
pathways. However, making the pharmaceutical supply chain 
more resilient to shocks requires leveraging data and innovation 
tools like AI-enabled drug forecasting. While the appetite for 
implementing digital solutions within the health sector is increas-
ing, Thailand needs to invest time and resources in creating strong 
foundations upon which solutions like AI can maximize impact 
and broaden use cases.

Data availability statement

The raw data supporting the conclusions of this article will be 
made available by the authors, without undue reservation.

Ethics statement

Ethical approval was not required for the study involving humans 
in accordance with the local legislation and institutional requirements. 
Written informed consent to participate in this study was not required 
from the participants or the participants' legal guardians/next of kin 

in accordance with the national legislation and the institutional 
requirements.

Author contributions

YT: Project administration, Writing – original draft, Formal analysis, 
Resources, Data curation, Visualization, Conceptualization, Validation, 
Investigation, Writing – review & editing, Methodology. WS: Investigation, 
Visualization, Methodology, Conceptualization, Writing – review & editing, 
Validation, Resources, Supervision. AM: Investigation, Writing – review & 
editing, Validation, Resources. SS: Investigation, Writing – review & editing, 
Validation, Resources. SK: Supervision, Methodology, Conceptualization, 
Visualization, Validation, Resources, Writing – review & editing.

Funding

The author(s) declared that financial support was received for this 
work and/or its publication. This work was funded by Thailand 
Science Research and Innovation (TSRI).

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/frsus.2026.1825613/
full#supplementary-material

https://doi.org/10.3389/frsus.2026.1825613
https://www.frontiersin.org/journals/Sustainability
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/frsus.2026.1825613/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/frsus.2026.1825613/full#supplementary-material


Tun et al.� 10.3389/frsus.2026.1825613

Frontiers in Sustainability 08 frontiersin.org

References
Al-Hourani, S., and Weraikat, D. (2025). A systematic review of artificial intelligence (AI) 
and machine learning (ML) in pharmaceutical supply chain (PSC) resilience: current 
trends and future directions. Sustainability 17. doi: 10.3390/su17146591

Bennett Institute for Applied Data Science (2020). OpenSAFELY: A Secure Analytics 
Platform for Electronic Health Records in the NHS Oxford University of Oxford. Available 
online at: https://www.opensafely.org/

Bhatt, N., and Kumar, S. (2023). AI and big data analytics in pharmaceutical supply chain 
management. Int. J. Sci. Res. Eng Trends, 9.

Disayanun, P. (2021). Central Bargaining and Procurement for Accessibility of Essential 
Medical Supplies and Efficient use of Resource National Health Security Office (NHSO). 
Available online at: https://www.nhso.go.th/en/resource-center/ucs/books/55206-
64-5-centralprocurement-book-eng/file

Dunning, H., Letchford, N., Salama, N., Adib, K., Azzopardi-Muscat, N., and 
Novillo-Ortiz, D. (2026). Artificial Intelligence is Reshaping Health Systems: State of 
Readiness Across the European Union.

Health Data Hub. (2019). Plateforme nationale des données de santé Paris French 
Ministry of Health. (Accessed August 4, 2025). Available online at: https://gnius.esante.
gouv.fr/en/regulations/regulation-profiles/health-data-hub

HITAP (2024). Convergence of digital Health Platforms and Health Information Systems 
(HIS) Implementation in Thailand (ConvergeDH). Health Intervention and Technology 
Assessment Program.

HITAP. (2025). Situational Analysis of artificial Intelligence (AI) in Thailand’s Health 
system: Protocol (Version 2.0). Bangkok, Thailand.

Hussain, N., Austin, B., Adepoju, P., and Afolabi, A.. (2024). AI and Predictive Modeling 
for Pharmaceutical Supply Chain Optimization and Market Analysis

India UNDP. (n.d.) Improving Vaccination Systems -eVIN: UNDP. Available online at: 
https://www.undp.org/india/projects/improving-vaccination-systems-evin (Accessed 
January, 23, 2026).

Indonesia UNDP. (2024). The Economic Analysis of SMILE for Immunization Program: A Digital 
Platform for Vaccine Logistics and Cold Chain Management UNDP. Available online at: https://
www.undp.org/indonesia/publications/economic-analysis-smile-immunization-program

inSupply Health. (2024). Using artificial Intelligence for the Quantification of Essential 
Medicines in Kenya and Tanzania. Available online at: https://insupplyhealth.com/
impact-stories/using-artificial-intelligence-for-the-quantification-of-essential-medicines-
in-kenya-and-tanzania/ (Accessed 17 September, 2024)

Kaew-ngam, S. (2022). Drug procurement management at Takua Pa hospital using the 
ABC–VEN matrix. Thai J. Hosp. Pharm. 27, 103–111.

Kaur, A., and Prakash, G. (2025). Intelligent inventory management: AI-driven solution 
for the pharmaceutical supply chain. Societal Impacts 5:100109. doi: 10.1016/j.
socimp.2025.100109

Kijsanayotin, B., Win, M. T., Thanapak, W., Nareenuch, N., Leelakittisin, B., 
Khongmun, P., et al. (2016). eHealth in Thailand: Interoperability and Health Information 
Standards. Nonthaburi, Thailand: Health Systems Research Institute (HSRI).

Kritchanchai, D., and Krichanchai, S. (2016). Developing inventory management policy 
for drugs with medium and low consumption value in hospital. Thai Pharm. Health Sci. 
J. 11, 153–160.

Ministry of Public Health. (2025). Workshop on Development of Medical Service 
Revenue Collection through the Financial Data Hub (FDH) system for Service Units 
under the Office of the Permanent Secretary Regional Health Office 8 Ministry of Public 
Health. ed. P. Witoolkollachit. Available online at: https://r8way.moph.go.th/r8way/
viewB3VFdwVmVRPT0=

Ministry of Public Health Thailand (2017). “eHealth Strategy, Ministry of Public Health 
(2017–2026),” in HealthMoP, (Bangkok: Ministry of Public Health).

National Health Security Office (2024). Big data Management to Strengthen universal 
Health Coverage: ASEAN Social Security Association Board Meeting. Manila, Philippines.

National Institutes of Health. (n.d.). All of Us Research Program: U.S. Department of 
Health and Human Services. (Accessed Augure 4, 2025). Available online at: https://www.
researchallofus.org/ (Accessed January, 23, 2026).

NSTDA Agency (2023). Thailand national AI Strategy and action plan (2022–2027): 
Annual Report 2023. Bangkok, Thailand: Ministry of Higher Education, Science, Research 
and Innovation & Ministry of Digital Economy and Society.

Nuta, S., Mattam, A., Marri, N., and Polenwar, S. (2025). Artificial intelligence in phar-
maceutical supply chain management. Int. J. Sci. Technol. 16. doi: 10.71097/ijsat.
v16.i3.7919

Office FA. (n.d.). Launching the Program “30-Baht Healthcare for Treatment Anywhere 
with One ID Card The Government Public Relations Department. Available online at: 
https://thailand.prd.go.th/en/content/category/detail/id/48/iid/247952

Orlowski, E. (2024). ASEAN AI Governance Roundtable #1: Thailand. AI Singapore.

Pathan, M., and Ruangchoengchum, P. (2025). Management of medicinal demand 
forecasting of the drug supply chain during the COVID-19 pandemic. Suran. J. Soc. 
Sci. 19.

Prasertsri, L. (2024). Post COVID-19 Challenges of Pharmaceutical Industry in Thailand. 
Bangkok, Thailand: Thammasat University, Faculty of Economics.

Privett, N., and Gonsalvez, D. (2014). The top ten global health supply chain issues: per-
spectives from the field. Oper. Res. Health Care 3, 226–230. doi: 10.1016/j.orhc.2014.09.002

Ratanawong, P., Nunthaitaweekul, P., Huynh, P. T., and Weesakul, U. (2025). Impact of 
climate change on human health in Thailand: a literature review. J. Disaster Res. 20, 
423–444. doi: 10.20965/jdr.2025.p0423

Rattanasiha, A. (2024). Results of the forecast of drug order quantity using the ABC-VEN 
analysis and three months moving average: a case of Sriboonruang hospital. Thai J. 
Pharm. Pract. 17.

Rishi, J. P., Waghodekar, P., Manimegalai, V., Kumar Singh, A., Ramesh, A., and 
Jackson, P. V. S. (2025). Data-driven approaches to improve healthcare supply chain man-
agement. J. Neonatal Surg. 14, 814–825.

Roy, C. (2021). The pharmacist's role in climate change: a call to action. Can. Pharm. J. 
154, 74–75. doi: 10.1177/1715163521990408

Saffa, A. (2023). Thailand’s AI Governance Transformation OpenGov Asia. Available online at: 
https://archive.opengovasia.com/2023/09/05/thailands-ai-governance-transformation/?c=th

Salahuddin, M., Manzar, D., Unissa, A., Pandi-Perumal, S. R., and BaHammam, A. S. 
(2022). The global shortage of essential drugs during the COVID-19 pandemic: evidence 
based on aggregated media and social media reports. J. Nat. Sci. Med. 5, 23–28. doi: 
10.4103/jnsm.jnsm_61_21

Samniang, W., Shah, S. M. T., Tun, Y. M., Munawar, A., and K C, S. (2026). A hybrid grey 
wolf optimized eXtreme gradient boosting-based machine learning model for hospital 
pharmaceutical demand forecasting. Sci. Rep. 16:13400. doi: 10.1038/s41598-026-48590-4

Sarutiyapithorn, N., Wisawanart, N., Saowaneepitak, M., Kusakunniran, W., and 
Thongkanchorn, K. (2015). Electronic Health Information Standard based on CDA for 
Thai Medical system: Focused on Medical Procedures in medium-Sized Hospitals 
(HOSxP). Proceedings of the 12th International Joint Conference on Computer Science and 
Software Engineering.

Sermsuk, P., Pongsuwan, W., Pongsuwan, H., Hanpanich, P., Techayuenyong, T., 
Chuboonsub, P., et al. (2021). Efficiency of Procurement and Distribution Processes for 
Centrally Procured Medicines under the Universal Coverage Scheme.

Sharma, A., Kumar Sharma, B., and Bhatt, V. (2025). Artificial intelligence in healthcare 
logistics – moderating role of industry pressure and organisational readiness. J. Decis. Syst. 
34:2477335. doi: 10.1080/12460125.2025.2477335

Shen, J., Bu, F., Ye, Z., Zhang, M., Ma, Q., Yan, J., et al. (2024). Management of drug supply 
chain information based on “artificial intelligence + vendor managed inventory” in China: 
perspective based on a case study. Front. Pharmacol. 15. doi: 10.3389/fphar.2024.1373642

Shukar, S., Zahoor, F., Hayat, K., Saeed, A., Gillani, A. H., Omer, S., et al. (2021). Drug 
shortage: causes, impact, and mitigation strategies. Front. Pharmacol. 12:693426. doi: 
10.3389/fphar.2021.693426

Srithamrongsawat, S., Suriyawongpaisal, P., Kaewkamjornchai, P., Iangtanarat, N., 
Osotthanakorn, P., and Sitthirat, P.. (2024). Monitoring and Evaluation of the "OneID for 
Universal Healthcare Access" Policy by the Thailand National Health Security Office

Suchonwanich, N., Laowahutannon, T., Luangruangrong, P., Techathawat, S., and 
Wongtangprasert, S. (2020a). Drug procurement and distribution. J. Health Sci. Thailand. 
29, S45–S58.

Suchonwanich, N., Sangroongruangsri, S., Kittiratchakool, N., Jitruknatee, A., 
Limpananont, K., Prukpakpoom, A., et al. (2020b). Situation of data and pharmaceutical 
information systems in Thailand. J. Health Sci. 29, 112–128.

Tangcharoensathien, V. (2024). Thailand Health system Review. 2nd Edn Manila: WHO 
Regional Office for the Western Pacific.

Thai Drug System C (2020). Thai Drug System 2020. Nonthaburi: Health Systems 
Research Institute.

Thai Food and Drug Administration. (2023). IDMP Roadmap: Direction for the 
Development and Implementation of Drug Coding Standards Thai FDA, Nonthaburi, 
Thailand.

Thammatacharee, N., Pumtong, S., and Patcharanarumol, W. (2020). Challenges and oppor-
tunities for improving the drug system in Thailand. J. Health Sci. Thail. 29, S188–S199.

Umnuaypornlert, A., and Kitikannakorn, N. (2014). Performance of Pharmacy and 
Therapeutics Committees of Public Hospitals in Rural Thailand.

Vachira Phuket Hospital. (n.d.). IT master plan: Vachiraphuket Hospital five-year plan 
Phuket, Thailand: Vachira Phuket Hospital; 2024–2028 (accessed August 4, 2025). 
Available online at: https://www.vachiraphuket.go.th/download/it-master-plan-v1/?wpd
mdl=64166&refresh=68907697dfdad1754298007

Vadaga, A., Dokuburra, U., Nekkanti, H., Gudla, S., and Rajapanthula, K. (2025). Digital 
transformation in pharmaceuticals: the impact of AI on supply chain management. 
Intelligent Hospital. 1:100008.

Yosprasit, K., and Siengdee, J. (2024). Effectiveness of an inventory management 
system for managing medical supply inventory in hospitals. Thai J. Hosp. Pharm. 
34, 273–284.

https://doi.org/10.3389/frsus.2026.1825613
https://www.frontiersin.org/journals/Sustainability
https://www.frontiersin.org
https://doi.org/10.3390/su17146591
https://www.opensafely.org/
https://www.nhso.go.th/en/resource-center/ucs/books/55206-64-5-centralprocurement-book-eng/file
https://www.nhso.go.th/en/resource-center/ucs/books/55206-64-5-centralprocurement-book-eng/file
https://gnius.esante.gouv.fr/en/regulations/regulation-profiles/health-data-hub
https://gnius.esante.gouv.fr/en/regulations/regulation-profiles/health-data-hub
https://www.undp.org/india/projects/improving-vaccination-systems-evin
https://www.undp.org/indonesia/publications/economic-analysis-smile-immunization-program
https://www.undp.org/indonesia/publications/economic-analysis-smile-immunization-program
https://insupplyhealth.com/impact-stories/using-artificial-intelligence-for-the-quantification-of-essential-medicines-in-kenya-and-tanzania/
https://insupplyhealth.com/impact-stories/using-artificial-intelligence-for-the-quantification-of-essential-medicines-in-kenya-and-tanzania/
https://insupplyhealth.com/impact-stories/using-artificial-intelligence-for-the-quantification-of-essential-medicines-in-kenya-and-tanzania/
https://doi.org/10.1016/j.socimp.2025.100109
https://doi.org/10.1016/j.socimp.2025.100109
https://r8way.moph.go.th/r8way/viewB3VFdwVmVRPT0=
https://r8way.moph.go.th/r8way/viewB3VFdwVmVRPT0=
https://www.researchallofus.org/
https://www.researchallofus.org/
https://doi.org/10.71097/ijsat.v16.i3.7919
https://doi.org/10.71097/ijsat.v16.i3.7919
https://thailand.prd.go.th/en/content/category/detail/id/48/iid/247952
https://doi.org/10.1016/j.orhc.2014.09.002
https://doi.org/10.20965/jdr.2025.p0423
https://doi.org/10.1177/1715163521990408
https://archive.opengovasia.com/2023/09/05/thailands-ai-governance-transformation/?c=th
https://doi.org/10.4103/jnsm.jnsm_61_21
https://doi.org/10.1038/s41598-026-48590-4
https://doi.org/10.1080/12460125.2025.2477335
https://doi.org/10.3389/fphar.2024.1373642
https://doi.org/10.3389/fphar.2021.693426
https://www.vachiraphuket.go.th/download/it-master-plan-v1/?wpdmdl=64166&refresh=68907697dfdad1754298007
https://www.vachiraphuket.go.th/download/it-master-plan-v1/?wpdmdl=64166&refresh=68907697dfdad1754298007

	Is AI-driven drug forecasting feasible in Thailand?
	1 Introduction
	2 Artificial intelligence in pharmaceutical supply chains
	3 Approach and sources
	4 Results
	4.1 Architecture of Thailand’s public pharmaceutical system
	4.2 Key barriers to AI adoption in drug forecasting
	4.2.1 Data readiness: inconsistent drug coding and data standards
	4.2.2 Data governance and access: limited integration and data sharing
	4.2.3 Digital infrastructure and implementation readiness
	4.2.4 Governance and regulatory readiness: ethical safeguards, accountability and trust

	5 Policy implications of targeted strategies
	6 Limitations
	7 Conclusion

	References

