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ABSTRACT  
Innovation is essential for socio-economic progress, particularly in today's 
fiercely competitive global environment. This article's primary focus is to 
review the evolution of Brazilian regulations on innovation policy, a subject 
of intense debate by the government and academic and business 
institutions. The goal is to review this evolution and dissect the key 
regulatory frameworks, policies, and initiatives shaping the current 
scenario. Qualitative research is carried out in three stages: searching and 
selecting documents, reading and categorizing sources and records, and 
reviewing relevant information. Since the 2000s, Brazil has promoted 
legislative reforms to modernize the mechanisms to encourage research 
and development, such as the Legal Framework for Innovation (2004), the 
inclusion of the term innovation in the Federal Constitution (2015), the new 
Legal Framework for Innovation (2016) and the National Policy for 
Technological Innovation in Health (2017). These changes enhance legal 
certainty and tax benefits for collaborations between companies and 
Science, Technology, and Innovation Institutions. Despite the progress, it 
is still crucial for Brazilian institutions to adopt more robust innovation 
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Introduction 
 
This review aims to present the Brazilian regulatory history related to 

Innovation in the last twenty years and its main progress, especially in 
health. Understanding history is crucial for all stakeholders, as they pro-
vide a comprehensive view of the evolution of the regulatory system and 
the key milestones that have shaped the current scenario. Technological 
Innovation in healthcare has been a major catalyst, driving significant im-
provement that transcends borders and transforms how we care for 
health, preventing, diagnosing, and treating different health problems. At 
the heart of this innovation is the relentless search for more effective, ac-
cessible, and personalized care solutions. This includes increasing the ef-
ficiency of health systems, reducing costs, optimizing workflows, improv-
ing clinical outcomes, and seeking new or better technologies for use in 
medicine. The Brazilian federal government recognizes that Innovation is 
the key to sustainable development and that this development is only fea-
sible with effective and coordinated public policies. Different government 
actions have been carried out since the early 2000s, including the sanc-
tioning of laws and other normative documents related to Innovation. 
Also, it includes the recent resumption of the Health Industrial Economic 
Complex (in Portuguese: Complexo Econômico-Industrial da Saúde, 
CEIS), in 2023, and the industrial policy agenda (New Brazilian Industrial-
ization Policy), in 2024. 

Therefore, it is crucial that health professionals are well-versed in the 
evolution of Brazilian innovation policy regulations. This knowledge equips 
them to play a significant role in scientific research and healthcare, acting 
broadly, consciously, and collaboratively.  

 
Objective 
 
This paper aims to present the Brazilian regulatory history related to 

Innovation in the last twenty years and the main advances, especially in 
Health. Covering all content and knowledge related to innovation is not 
the aim of this review article, as the study of the conceptual and theoreti-
cal basis of innovation can be considered an established science. How-
ever, it is expected to contribute to science, knowledge and dissemina-
tion of the topics brought, both in theory and in its application, aiming to 
cooperate with the training of the contributors involved in the innovation 
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policies and more effectively align them with national development 
policies. Recently, the country intensified its innovation efforts by 
summarizing the Health Economic-Industrial Complex, integrated with 
the New Industrialization Policy, focused on economic, social, and 
sustainable development, highlighting public health. Brazil's evolution in 
innovation policy is a testament to the nation's steadfast commitment to 
technological and economic progress. While significant strides have been 
made, greater integration between institutions is imperative to maximize 
the benefits of innovation. 
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ecosystem, especially those in the health area. This paper has the poten-
tial to significantly impact the training and development of health profes-
sionals, providing them with the necessary knowledge and understanding 
of the Brazilian regulatory system to contribute to Innovation in the health 
sector effectively.  

 
Research Method 
 
This is qualitative research, in which bibliographic research was car-

ried out as a data source from June 2023 to June 2024. For data analysis, 
the 'content analysis' technique was used according to Bardin's proposi-
tion [1]. In stage 1 (pre-analysis), the search and selection of documents 
and articles were conducted. The data sources were documents and sci-
entific articles available in journal databases, website searches, and the 
federal government, where central themes were explored, with the follow-
ing entries: “innovation”, “innovation in health”, “innovation policy”, “com-
pany-institution partnerships”, “resumption of the CEIS”, and “New Brazil-
ian Industrialization Policy”. In stage 2 (exploration of the material), the 
reading, selection of information sources, and systematization of ideas 
and categories to be reviewed were carried out. In stage 3 (information 
processing), the relevant information of the identified categories was re-
viewed and highlighted. 

 
Results 
 
Innovation: Concepts and Typology 
Although it is unanimous that the idea that technological Innovation is 

essential for scientific development, it was only with Schumpeter, one of 
the most influential economists of the first half of the twentieth century, that 
technological Innovation began to be considered a fundamental element 
for economic development and a driving factor of capitalist economies. 
Schumpeter used the word 'innovation' to describe a series of novelties 
that can be introduced into the economic system and that considerably 
modify the relations between producers and consumers. Since then, new 
development theories related to innovation and schools of thought have 
emerged, such as the neoclassical theory with Solow (1957) and the evolu-
tionary theory with Nelson and Winter (1974) as precursors1.  

Currently, the concept and typology of Innovation considered by most 
organizations around the world are those described in the Oslo Manual of 
the Organization for Economic Cooperation and Development (OECD). 
The general definition of Innovation described in the 4th edition of the 
Oslo Manual2, the latest version, is: "New or improved product or process 
(or combination thereof) that differs significantly from the unit's previous 
products or processes and that has been made available (product) to po-
tential users or put into use by the unit (process). This definition uses the 
generic term "unit" to describe the actor responsible for innovations. It 
refers to any institutional unit in any sector”. 

Regarding the typology of Innovation, the third and fourth editions of 
the Oslo Manual differ. According to the 3rd edition of the Oslo Manual3, 
Innovation can be classified into four types:  
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1 Varella SRD, de Medeiros JBS, Junior MTS. O desenvolvimento da teoria da inovação Schumpeteriana. XXXII Encontro Nacional de Engenharia de Produção; Bento 
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2 OECD & Eurostat. Oslo Manual: Guidelines for Collecting, Reporting and Using Data on Innovation. 4th Edition. Luxembourg: OECD & Eurostat; 2018. 258 p. Accessed 
07.02.2025. https://www.oecd-ilibrary.org/science-and-technology/oslo-manual-2018_9789264304604-en. 
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A) Product Innovation: the introduction of a new or significantly improved 
good or service with respect to its characteristics or intended uses. 
Significant improvements in technical specifications, components and 
materials,  embedded software, ease of use, or other functional fea-
tures are included. 

B) Process Innovation: The implementation of a new or significantly im-
proved production or distribution method. Significant changes in tech-
niques, equipment, and/or software are included. 

C) Marketing Innovation: It is the implementation of a new marketing 
method with significant changes in the design of the product or its 
packaging, in the positioning of the product, in its promotion or in the 
setting of prices. 

D) Organizational Innovation: This involves implementation of a new orga-
nizational method in the company's business practices, in the organi-
zation of its workplace, or in its external relations. 
The fourth edition of the Oslo Manual reduces the complexity of the 

"types of innovation" from four types presented in the third edition of the 
Oslo Manual to only two main types: "product innovations" and "business 
process innovations”. Product innovation is a new or improved good or 
service that differs significantly from the company's previous goods or 
services and has been introduced to the market. Product innovations can 
use new knowledge or technologies or be based on new uses or combi-
nations of existing ones. They are characterized by the improvement of 
one or all the functions or performance specifications, the improvement 
or addition of a new function combined with the loss of other functions, or 
a decline in some performance specifications. Business process innova-
tion is a new or improved process for one or more business functions that 
differ significantly from the company's previous business, and that have 
been put into use. In this sense, business process innovations concern 
six different functions of a company: production of goods or services; dis-
tribution and logistics, Marketing and Sales, Information and Communi-
cation Systems, Administration and Management of products, and Busi-
ness Process Development. 

Within the context of the innovation system, two models of interaction 
between the internal research department of an organization and the ex-
ternal environment have recently been addressed: closed innovation and 
open innovation. Closed innovation is a model in which the internal re-
search departments of organizations do not communicate with external 
agents (such as other companies, stakeholders, partners, consumers, or 
other market actors). That is to say, all innovation efforts are internal to the 
very borders of organizations, which are the ones that keep all intellectual 
property. On the other hand, in open innovation there are inputs and out-
puts of knowledge to accelerate the Innovation of a company or organiza-
tion and expand markets4, bringing a participatory and decentralized in-
novation approach [2]. Open innovation can be categorized into three 
types: (a) Inbound Open Innovation occurs when a company acquires and 
absorbs knowledge from external sources in its external innovation activi-
ties to improve its internal processes and technologies; (b) Outbound 
Open Innovation occurs when a company intentionally allows other com-
panies or organizations to use, combine, or further develop its technolo-
gies, tools, or ideas for its own innovation activities and for the purpose of 
commercializing it. An example is when a company licenses its technol-
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ogy, patents, or prototypes to another company; (c) Coupled Open Inno-
vation (or Mixed Open Innovation) is the combination of open Innovation 
inbound and Outbound by the same company, in which the company 
works in partnership with other companies/organizations to develop or 
commercialize innovations. Consequently, the company proactively of-
fers to collaborate on other projects and also seeks new ideas and part-
nerships for its own processes4,5.  

 
Evolution of the Brazilian RD&I Normative System 
Historically, Brazil occupies a low position in the Global Innovation In-

dex (GII) for a nation of its territorial size and economic potential. In 2011, 
Brazil achieved its best global position in the annually GII published by the 
World Intellectual Property Organization (WIPO), occupying the 47th posi-
tion. However, in the following years, there was a decline, reaching the 
70th position in 2015. Brazil's position improved in 2019, rising four places 
to 66th in the GII. With the goal of changing this scenario, Brazil has been 
promoting political discussions and structural reforms in its legislation 
since the early 2000s. These efforts aim to modernize the legal mecha-
nisms to encourage innovation and the intellectual property system, 
thereby strengthening the innovation system and increasing the effec-
tiveness of investments and activities in Research, Development, and In-
novation (RD&I)6. Since then, the country has shown a progressive recov-
ery. The recent GII (2023) revealed that Brazil rose from 54th (GII in 2022) 
to 49th position in 2023, thus occupying the leadership of the economies 
of Latin America and the Caribbean, a position previously held by Chile7,8.  

The Brazilian normative system in RD&I underwent significant 
changes at the end of 2004 when Law 10.973/2004 was sanctioned9, 
known as the Federal Innovation Act and the Technological Innovation 
Act. Through this legal framework, public institutions were able to begin to 
participate effectively and legally in the innovation process, based on the 
regulation of technology transfer, the interaction between companies and 
Institutes of Science, Technology, and Innovation (ISTI), and guidance on 
incentives for Innovation and scientific and technological research in the 
productive environment. This law was initially regulated by Decree 
5.563/2005, later revoked by Decree 9.283/2018, which is the current 
regulation in force of this law. 

Subsequently, at the end of 2005, Law 11.196/2005 was sanctioned, 
known as the "Good Law”, which creates the granting of tax incentives to 
legal entities that carry out research and development of technological 
Innovation. In other words, it is indirect financial support from the federal 
government, which abdicates part of the tax collection from private com-
panies that prove to have invested in technological RD&I. These legal ini-
tiatives were driven by the considerable expansion of national programs 
to foster Innovation, with an increase in calls for technological innovation 
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4 Chesbrough HW. Open Innovation: Researching a New Paradigm. Berkeley, CA: Oxford University Press; 2005. Chapter 1, Open Innovation: A New Paradigm for Under-
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projects considering ISTI-business partnerships. This innovation scenario 
in Brazil demanded a change in culture and adaptation of the structures 
and work processes of companies and ISTI to leverage successful inter-
actions and partnerships capable of integrating knowledge in various 
fields of research for the generation of Innovation. 

It is essential to highlight that the Federal Constitution of 1988 and 
Law 8.080 of 19.09.1990, did not mention "innovation" in their original 
texts. The introduction of the word "innovation" in the Federal Constitution 
of 1988 took place in 2015, through Constitutional Amendment 85 of  
2015, Article 200, item V, as follows: “to increase scientific and techno-
logical development and innovation in its area of activity”. Constitutional 
Amendment 85 of 2015, therefore, introduced mechanisms that facilitate 
action in RD&I, such as allowing budget changes between capital and 
funding within the scope of scientific and technological projects, and as-
signed a more explicit role to the State in issues related to Innovation, 
such as encouraging the formation of partnerships between different 
spheres of the State,  the academic sector (universities and research in-
stitutions) and the private sector. 

In 2016, the new legal framework for science, technology, and Innova-
tion was granted through Law 13.243/2016. This law, in addition to bring-
ing its own provisions, amended nine other laws:  
• Innovation Law – Law 10.973/2014 
• Foreigner Statute – Law 6.815/1980 (later repealed by Law 13.445/2017) 
• Bidding Law – Law 8.666/1993 
• Differentiated Regime of Public Procurement Law – Law 12.462/2011 
• Law of Temporary Hiring of Exceptional Public Interest – Law 8.745/1993 
• Law of Support Foundations – Law 8.958/1994 
• Law on the Import of Goods and Inputs for Research – Law 8.010/1990 
• Law of Exemption or Reduction of Import Tax and Additional Freight for 

the Renewal of the Merchant Marine – Law 8.032/1990 
• Law of the Career Plan of Higher Education – Law 12.772/2012 

The strategic objective, at the time, was to allow more significant eco-
nomic and social progress in Brazil through better use of the skills accu-
mulated by ISTI and companies, facilitating synergistic efforts capable of 
making Brazil more innovative and competitive, either independently or 
through joint efforts with other countries10. 

In line with Law 13.243/2016, the Ministry of Science, Technology, In-
novation and Communications (MSTIC) launches the "Guidance Guide for 
the elaboration of innovation policy in ISTI" in 201910. Built jointly by the 
National Forum of Innovation and Technology Transfer Managers 
(FORTEC) and the MSTIC, this guide aims to help ISTI managers to adapt 
their internal rules to the Legal Framework of Science, Technology, and 
Innovation. The institution of the Innovation Policy in ISTI has certainly 
provided greater agility and legal certainty so that the knowledge gener-
ated in academia, ISTI, and research and teaching institutions can be 
used by the business sector and society so that Brazil can take better ad-
vantage of this knowledge. The following year, in 2017, the National Health 
Innovation System received another stimulus in public policy, the institu-
tion of the "National Policy for Technological Innovation in Health" through 
Decree 9.245/2017. In 2020, Decree 10.534 was promulgated, which es-
tablished the National Innovation Policy and provided for its governance.  
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10 Martin AR et al. Guia de orientação para elaboração da política de inovação nas ICTs. Brasil: Ministério da Ciência, Tecnologia, Inovações e Comunicações/Secretaria 
de Empreendedorismo e Inovação; 2019. 55 p. (In Portuguese). Accessed 07.02.2025. https://repositorio.mcti.gov.br/handle/mctic/5129 
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Table. Key international and national documents related to R&DI in the health area.

1992 Oslo Manual – 1st Edition.

1996 Law 9.279 of 14.05.1996. Regulates rights and obligations related to industrial property.

1997 Oslo Manual – 2nd Edition.

1998
Decree 2.553 of 16.04.1998. Regulates articles 75 and 88 to 93 of Law 9.279 of 14.05.1996, which regulates rights and obligations 
related to industrial property.

2001
Law 10.196 of 14.02.2001. Amends and adds provisions to Law 9.279 of 14.05.1996, which regulates rights and obligations related to 
industrial property, and provides for other provisions.

2004
(Innovation Law) Law 10.973 of 02.12.2004. Provides for incentives for innovation and scientific and technological research in the 
productive environment and provides for other measures.

2004
Law 11.079 of 30.12.2004. Establishes general rules for bidding and contracting public-private partnerships within the scope of 
public administration.

2005
(Law of Good) Law 11.196 of 21.09.2005. Establishes the special tax regime for the Information Technology Services Export Platform 
– REPES, the Special Regime for the Acquisition of Capital Goods for Exporting Companies – RECAP and the Digital Inclusion 
Program; provides for tax incentives for technological innovation; amends other decrees and laws.

2005
Decree 5.563 of 11.10.2005. Regulates Law 10.973 of 02.12.2004, which provides for incentives for innovation and scientific and 
technological research in the productive environment, and provides for other provisions.

2005 Oslo Manual – 3rd Edition.

2006
Decree 5.798 of 07.06.2006. Regulates tax incentives for technological research and development of technological innovation 
activities, as provided for in articles 17 to 26 of Law 11,196 of 21.11.2005 (regulates Chapter III of the Good Law). 

2006
Complementary Law 123 of 14.12.2006. Establishes the National Statute of Micro and Small Enterprises; amends provisions of Laws 
8.212 and 8.213, both of 24.07.1991 of the Consolidation of Labor Laws – CLT, approved by Decree 5.452 of 01.05.1943 of Law 10.189 
of 14.02.2001 of Complementary Law 63 of 11.01.1990; and repeals Laws 9.317 of 05.12.1996, and 9.841 of 05.10.1999.

2007
Decree 6.041 of 08.02.2007. Establishes the Biotechnology Development Policy, creates the National Biotechnology Committee 
and provides other measures.

2007
(MEC Law) Law 11.487 of 15.06.2007. Amends Law 11.196 of 21.11.2005, to include a new incentive for technological innovation and to 
modify the rules related to accelerated amortization for investments linked to research and development (adds article 19-A to the 
Good Law to include a new incentive for technological innovation in ISTI financed by companies). 

2007
(FNDCT Law) Law 11.540 of 12.11.2007. Provides for the National Fund for Scientific and Technological Development – FNDCT; 
amends Decree 719 of 31.07.1969, and Law 9.478 of 06.08.1997; and makes other arrangements.

2011
Normative Instruction 1,187 of 29.08.2011. Regulates the tax incentives for technological research and development of technological 
innovation activities referred to in articles 17 to 26 of Law 11.196 of 21.11.2005 (regulates Chapter III of the Good Law).

2012
Ordinance 837 of 18.04.2012. Defines the guidelines and criteria for the establishment of Partnerships for Productive Development 
(PDP). 

2014

Ordinance 2.531 of 12.11.2014. Redefines the guidelines and criteria for the definition of the list of strategic products for the Unified 
Health System (SUS) and the establishment of Partnerships for Productive Development (PDP) and regulates the respective 
processes of submission, instruction, decision, transfer and absorption of technology, acquisition of strategic products for the SUS 
within the scope of the PDP and the respective monitoring and evaluation.

2015
Constitutional Amendment 85 of 26.02.2015. Amends and adds provisions in the Federal Constitution to update the treatment of 
science, technology and innovation activities.

2016
Law 13.243 of 11.01.2016. Provides for incentives for scientific development, research, scientific and technological training and 
innovation and amends other decrees and laws (update of the Innovation Law). 

2017
Law 13.529 of 20.12.2017. Provides for the participation ofthe Federal Government in a fund to support the structuring and 
development of concession projects and public-private partnerships; amends other decrees and laws.

2017 Decree 9.245 of December 20th, 2017. Establishes the National Policy for Technological Innovation in Health

2018
Decree 9.283 of 07.02.2018. Regulates Law 10.973 of 02.12.2004, Law 13.243 of 11.01.2016, Law 8.666 of 21.06.1993, Law 8.010 of 
29.03.1990, 1990, Law 8.032, of12.04.1990; Decree 6.759 of 05.02.2009.

2018 Oslo Manual – 4th Edition.

2019 Biotechnology Roadmap 2031 for Paraná is launched at FIEP event.

2019 Publication of the Term of Reference of the National Program to Support Innovative Environments (PNI). 

2019
Guidance for the elaboration of innovation policy in ISTI. Ministry of Science, Technology, Innovation and Communications (MSTIC). 
Secretariat of Entrepreneurship and Innovation.

2019
MSTIC Ordinance 6.762 of 17.12.2019. Establishes the National Program to Support Innovative Environments – PNI, aiming to foster 
the emergence and consolidation of innovation ecosystems and mechanisms for the generation of innovative enterprises in the 
country.



In Table, a timeline is provided and outlines the history of Brazilian reg-
ulations (laws, decrees, resolutions, and others) related to RD&I, the doc-
uments that encourage Innovation in Brazil, and the primary international 
documents. 

Among the laws to encourage Innovation in Brazil, Law 11.079/2004 
stands out, and Ordinance 837 of 18.04.2012, which made the Public-Pri-
vate Partnership (PPP) and the Partnerships for Productive Development 
(PDP) possible respectively. In Brazil, the adoption of partnerships be-
tween the public and private sectors is identified, primarily through the 
concession regimes of public services, especially in the areas of Health, 
transportation, education, and housing. In Health, partnerships focus on 
the works, provision of services, and management of hospital units and 
have shown growth in recent years; in the Unified Health System (In Por-
tuguese: Sistema Único de Saúde, SUS), there are examples of the Sub-
urb Hospital in Salvador/Bahia, the Barreiro Metropolitan Region Hospi-
tal in Belo Horizonte/Minas Gerais and the Modernization of the Hospital 
Network in São Paulo/Brazil11. PPP are agreements between the public 
and private sectors for the joint performance of a particular service or 
work of interest to the population. It is signed by a contract of at least five 
years with a value of not less than 10 million reais and in which the private 
company is usually responsible for the project, as well as its financing, 
execution, and operation. PDP are collaborations between public institu-
tions that produce strategic health and science, technologies and inno-
vation products and private companies, in which the Ministry of Health 
(MoH) guarantees partners a particular share of the public market for a 
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Table. Key international and national documents related to R&DI in the health area.

2020 Decree 10.534 of 28.10.2020. Establishes the National Innovation Policy and provides for its governance.

2021
Ordinance 4.488 of 23.02.2021. Establishes, within the scope of the MSTIC, the Brazil-Biotec Initiative and creates the Steering 
Committee responsible for its supervision and implementation of its objectives.

2021 Law 14.133 of 01.04.2021. Bidding and Administrative Contracts Law.

2021
CI Resolution 1 of 23.07.2021. Approves the National Innovation Strategy and the Action Plans for the Axes of Development, 
Technological Base, Culture of Innovation, Market for Innovative Products and Services and Educational Systems.

2021 Law 14.195 of 26.08.2021. Amends Patent Law 9279 of 1996.

2021
Law 14.200 of 02.09.2021. Amends Law 9.279 of 14.05.1996 (Industrial Property Law), to provide for the compulsory licensing of 
patents or patent applications in cases of declaration of national or international emergency or public interest, or recognition of a 
state of public calamity of national scope.

2021
SGI Resolution 001 of 23.11.2021 – Establishes the Qualifica Mais Program, within the scope of the Digital Entrepreneurship Support 
Plan established by Decree 5.672 of 14.09.2020.

2021 Launch of the Theoretical Appendix of the National Innovation Strategy.

2023 Ordinance 1.100 of 28.09.2023. Establishes the Innovation Policy of the National Health Surveillance Agency (Anvisa). 

2023
Ordinance OM/MoH (Office of the Minister/Ministry of Health) 2.259 of 08.12.2023 – Establishes the Production and Technological 
Development Program for Neglected Populations and Diseases – PPDN.

2023
Ordinance OM/MoH 2.260 of 08.12.2023 – Establishes the Program for Preparation in Vaccines, Serums and Blood Products – 
PPVACSH.

2024
Ordinance OM/MoH 4.472 of 20.06.2024 – Amends Consolidation Ordinance OM/MoH 5 of 28.09.2017, to provide for the 
Partnership Program for Productive Development – PDP.

2024
Ordinance OM/MoH 4.473 of 20.06.2024 – Amends Consolidation Ordinance of Ministry of Health (MoH) of 28.09.2017 and 
establishes the Local Development and Innovation Program – PDIL.

2024
Ordinance OM/MoH 3.089 of 15.01.2024 – Amends OM/MoH Ordinance 2.262 of 08.12.2023, which establishes the Program for the 
Expansion and Modernization of Infrastructure of the Economic-Industrial Health Complex – CEIS.

11 CONASS. Parceria Público Privada – Guia de Apoio à Gestão Estadual do SUS. Guia de Apoio à Gestão Estadual do SUS. (In Portuguese). Accessed 07.02.2025. 
https://www.conass.org.br/guiainformacao/parceria-publico-privada/.  



specific drug, vaccine, or health product for a certain period. On the 
other hand, the technology is fully transferred to the public institution. 
These collaborations, therefore, are intended to meet the specific de-
mands of the SUS and to give the Brazilian State sufficient bargaining 
power to reduce national technological dependence12. Ordinance 2.531, 
of 12.11.2014, of the MoH determines the establishment of PDP by repeal-
ing Ordinance 837 of 18.04.2012, 2012, and consolidates the guidelines 
and criteria for defining the list of strategic products for acquisition by 
SUS. The PDP are cited as strategic instruments of the National Policy 
for Technological Innovation in Health in Federal Decree 9.245/2017, 
Subsection II. The laws that made PPP and PDP feasible were essential 
initiatives to promote the results of R&D efforts and foster innovation 
through cooperation between companies and ISTI – public and private. 

 
Resumption of the CEIS and the New Industrialization  
Policy in Brazil 
The concept of CEIS emerged in the 2000s, highlighting health as a 

strategic area for the country's development. Its implementation began 
with Minister José Gomes Temporão in 2008, with its apogee in 2011. Af-
ter 2011, this experience was stagnant and resumed in 2023 as a state 
policy. On 26.09.2023, the "National Strategy for the Development of the 
Health Economic and Industrial Complex" was officially launched by the 
Federal Government with an investment forecast of 42.1 billion by 2026. 
The strategy launched has six structuring programs and aims to expand 
the national production of priority items for SUS and to reduce Brazil's de-
pendence on foreign inputs, medicines, vaccines, and other health prod-
ucts. This seeks to give the country greater autonomy in order to reduce 
the vulnerability of the health sector, strengthen the local production of 
goods and services, reduce judicialization in Health, and stimulate job 
creation in the sector13. One of the priorities is to support the production 
of inputs for the prevention, diagnosis, and treatment of socially deter-
mined diseases, such as tuberculosis, Chagas disease, viral hepatitis, 
and HIV. Another priority is addressing diseases relevant to public health, 
including chronic diseases (cancer, cardiovascular, diabetes, and im-
munological), dengue, health emergencies, and orthopedic trauma. In 
2023, the health sector accounted for 10% of the Gross Domestic Prod-
uct (GDP) and accounted for a third of scientific research in the country. 
However, Brazil's dependence on health inputs makes SUS vulnerable to 
the foreign market; namely, more than 90% of the raw material used in 
Brazil to produce vaccine and medicine inputs is imported. In the area of 
medical equipment, the national production is at 50%; in medicines, it is 
about 60%, and in vaccines, it is higher. The goal, with the investment 
foreseen in the strategy launched, is to reach an average of 70% of na-
tional production in the health sector13. 

The National Strategy for the Development of the CEIS is integrated 
into the effort to implement the New Policy for the Development of the 
Brazilian Industrial Sector, presented by the federal government in Janu-
ary 2024, whose guidelines are aimed at the economic, social, and sus-
tainable development of Brazil. The new policy has the following meas-
ures: creation of memorable credit lines, grants, regulatory actions, intel-
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12 Gadelha C. Dinâmica global, impasses do SUS e o CEIS como saída estruturante da crise. Resgate. 16/novembro/2021 [Atualizado 15/02/2022]. (In Portuguese). Ac-
cessed  07.02.2025. https://outraspalavras.net/resgate/2021/11/16/dinamica-global-impasses-do-sus-e-o-ceis-como-saida-estruturante-da-crise/.  

13 Ministério da Saúde, Brasil. Governo Federal lança Estratégia Nacional para o Desenvolvimento do Complexo Econômico-Industrial da Saúde com investimento de R$ 
42 bilhões até 2026. Brasil: Portal do Governo Federal – Ministério da Saúde; 26/setembro/2023 [Atualizado em 27/setembro/2023]. (In Portuguese). Accessed 
07.02.2025. https://www.gov.br/saude/pt-br/assuntos/noticias/2023/setembro/governo-federal-lanca-estrategia-nacional-para-o-desenvolvimento-do-complexo-
economico-industrial-da-saude-com-investimento-de-r-42-bilhoes-ate-2026.  



lectual property actions, and policy of public works and purchases (with 
incentives for local content) to stimulate the productive sector. The goals 
are grouped into six missions that guide efforts until 2033, in which Mis-
sion 2 stands out referring to the CEIS14. Along with the policy, the Na-
tional Council for Industrial Development delivered the action plan for the 
period 2024-2026, indicating the priority strategic areas for the applica-
tion of resources.  

The current New Brazilian Industrialization Policy and government ac-
tions to encourage Innovation in Brazil predicts the country's rise in the 
GII in the coming years. These actions include revisions to the current 
RD&I regulations and public policies to encourage partnerships between 
companies and ISTI, such as: Public Consultation 53/2023 DECEIIS/SEC-
TICS – Local Development and Innovation Program – PDIL (extended by 
CP 55, of 12.22.2023, Official Gazette of 01.02.2024, Section 1, page 156); 
Public Consultation 54/2023 DECEIIS/SECTICS/MoH – Partnership Pro-
gram for Productive Development – PDP (extended by CP 56, of 
12.26.2023, Official Gazette of 12.28.2023, Section 1, p. 174). 

 
Final considerations / conclusions 
 
In the current techno-productive paradigm, innovating is a matter of 

survival and, at the same time, sovereignty in the market. "Not innovating" 
incurs a high risk of deterioration in the competitive performance of the 
company or institution. Since the early 2000s, Brazil has been increasing 
policy actions and promoting structural reforms in its legislation to mod-
ernize the legal mechanisms to encourage RD&I, including the intellec-
tual property system. Noteworthy is the establishment of the Legal 
Framework for Innovation in 2004, the inclusion of the term innovation in 
the Federal Constitution in 2015, the new Legal Framework for Innovation 
in 2016, and the National Policy for Technological Innovation in Health in 
2017, which offer greater legal certainty and tax incentives for the estab-
lishment of partnerships between companies and ISTIs. Despite all these 
efforts, it is still urgent and necessary for Brazilian institutions to adopt an 
innovation policy as a reflection of the consensus that the efforts to boost 
Innovation in Brazil depend on the participation of  ISTI and their more in-
credible insertion in national and local development policies. Brazil has 
recently intensified the innovation movement with the resumption of the 
CEIS (2023) integrated with the New Brazilian Industrialization Policy 
(2024), whose guidelines focus on the economic, social, and sustainable 
development of Brazil, with particular attention to the area of public 
Health. 
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ABSTRACT  
Horizon scanning (HS) in healthcare is a strategic framework designed to 
identify and evaluate emerging medical technologies with the potential to 
significantly influence health systems. In response to rapid scientific and 
technological advancements, and the increasing demand for long-term 
forecasting, HS has been institutionalized in many settings, allowing for 
its integration into national healthcare planning and policy development. 
International experience demonstrates that the systematic application of 
HS contributes significantly to evidence-based decision-making in 
healthcare. By enabling the timely identification and evaluation of 
emerging technologies, HS helps mitigate potential risks, supports 
proactive policy responses, and enhances the overall efficiency and 
responsiveness of healthcare systems.  
In the Russian Federation, some HS activities are underway; however, they 
are not yet institutionalized, do not involve all key stakeholders, and are not 
supported by advanced technological platforms such as artificial intelligence 
or big data analytics. This limits the country’s capacity for strategic foresight 
and long-term innovation planning in healthcare. The adoption of an 
integrated HS framework could substantially improve system efficiency by 
facilitating timely access to high-impact innovations, enhancing resource 
allocation, and informing evidence-based health and pharmaceutical policy. 
Strengthening collaboration with international organizations and BRICS 
partners could support the development of common methodological 
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Introduction 
 
Horizon scanning (HS) in healthcare is an essential element of strate-

gic planning, aimed at improving access to innovative technologies and 
strengthening population health. HS involves systematic identification of 
health technologies that are new, emerging or becoming obsolete and 
that have the potential to effect health, health services and/or society1. 
This process helps to identify potential challenges and opportunities for 
the healthcare system, thereby enabling more timely and effective re-
sponses. In the context of rapid technological advancement and evolving 
demographic trends, early identification of factors that may affect health 
systems is essential. Some authors consider HS to be part of an early 
awareness and alert system2, which aims to detect, filter, and prioritize 
new and breakthrough health technologies – or novel applications of ex-
isting ones – and to assess or predict their potential impact on health out-
comes, health systems, and society. This is followed by the dissemination 
of relevant information to support decision-making [1]. 

In the 1980s, the need for a more proactive approach to managing 
technological innovation in HS was first articulated. It was recognized that 
waiting to address new technologies only after their consequences had 
materialized was insufficient. This led to the proposal of a structured sys-
tem for the early identification and assessment of emerging health tech-
nologies – an “early warning system” – designed to inform decision-mak-
ers in advance [2]. The development of the early awareness and alert sys-
tem concept progressed through a series of seminars in the Netherlands, 
Sweden, and Denmark during the 1990s. These seminars identified a 
shared interest in exchanging information about new health technologies, 
their evaluation, and their integration into healthcare systems. This col-
laborative effort led to the formal establishment of the EuroScan Interna-
tional Network in 1999. EuroScan is a global network that collects and 
shares information on emerging health technologies, supporting evi-
dence-based decision-making and the adoption of effective and safe in-
novations. The network also serves as an international forum for develop-
ing methods for the early identification and assessment of new technolo-
gies and their impact on healthcare systems [1]. The activities and 
contributions of EuroScan will be discussed in more detail below.  

HS was initially introduced as the first stage in the health technology 
assessment (HTA) process and was conducted by HTA agencies or aca-
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approaches, promote shared technology assessment priorities, and 
reinforce collective readiness for emerging health challenges. The use of 
advanced analytical tools would further enable the integration of HS into 
national decision-making and contribute to building a resilient, proactive 
system for anticipating technological change. 
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demic institutions to systematically evaluate the potential impact of new 
and emerging health technologies on healthcare systems. This approach 
was adopted in countries such as the United Kingdom, Sweden, Norway, 
France, the Netherlands, Canada, and Australia. Today, there is a clear 
trend toward expanding the functions of these centers, involving a 
broader range of stakeholders across the healthcare system, and actively 
integrating innovative technological platforms e.g., artificial intelligence 
(AI) into HS activities [3-5]. 

 
Horizon scanning tools 
 
There is currently no universally accepted methodology for conducting 

HS; however, the strategies employed across countries and international 
organizations share common features and can be systematized3 [4-9].  
HS systems may be oriented toward either short-term (up to 5 years) or 
long-term (more than 5 years) horizons, which in turn influences the se-
lection of specific methodological approaches. The key stages of the HS 
process include identification (signal detection), filtration, prioritization, 
assessment, dissemination, and ongoing updating/monitoring4,5 [3].  

The identification of health technologies is a complex process that in-
volves the use of multiple methods. Below, we outline the most commonly 
applied approaches. 
1. Literature reviews and analysis of scientific publications: This is the pri-

mary method used in HS, and all organizations engaged in HS activities 
rely on the analysis of published scientific data. This type of analysis can 
be further categorized into the following subtypes: 
• Bibliometric analysis: a quantitative method for analyzing scientific 

publications to identify emerging trends and priority areas of research 
and development in healthcare, with particular relevance to the phar-
maceutical sector. This approach enables the detection of the most 
actively explored domains within medical science.  

• Systematic reviews: a structured search of clinical studies and other 
relevant literature (including conference and symposium abstracts), 
with a description of their findings. This may involve critical appraisal 
and, where appropriate, evidence synthesis such as meta-analyses or 
indirect comparisons. This type of analysis not only helps to identify 
innovative medical technologies but also allows for an assessment of 
their potential impact on patient outcomes. 

The analysis of published literature, including completed clinical tri-
als, is among the most resource-intensive methods used in HS. Never-
theless, it provides essential inputs for subsequent health economic 
evaluations, such as identifying clinically relevant criteria for efficacy 
and safety of the technology under consideration. However, exclusive 
reliance on published clinical studies may result in missed opportuni-
ties to identify technologies that are still in earlier stages of develop-
ment. 

2. Analysis of clinical trial registries and databases: The analysis of clinical 
trial registries – such as ClinicalTrials.gov and other national or interna-
tional platforms – allows for the early identification of ongoing and 
planned clinical studies involving novel health technologies. Monitoring 
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4 Wild, C. and Langer, T. (2006): Horizon Scanning System (HSS). An Overview. HTA-Projektbericht 02. Accessed 05.02.2025. https://eprints.aihta.at/586/ 
5 Oortwijn W. Facing the dynamics of future innovation: The role of HTA, industry and health system in scanning the horizon. Accessed 05.02.2025. 
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these registries and tracking study outcomes supports the detection of 
innovations at the earliest stages of their development.  

Compared to bibliometric analysis, this approach provides insights 
into technologies that are likely to reach market authorization over a 
longer-term horizon.  

3. Patent database analysis: Patents are widely regarded as indicators of 
future technological directions, making them a valuable source of infor-
mation within HS frameworks. The volume and thematic focus of patent 
filings can serve as predictors of which technologies are likely to be-
come dominant in the marketplace in the coming years. For instance, 
the increasing number of patents related to gene and cell therapies 
suggests substantial future potential in these areas. Patent databases—
such as those maintained by the World Intellectual Property Organiza-
tion (WIPO), the United States Patent and Trademark Office (USPTO), 
the European Patent Office (EPO), and others – offer global coverage, 
which is particularly relevant for the healthcare sector operating across 
international markets. These resources facilitate the assessment of 
patentability and commercialization potential in different countries and 
regions. 

The analysis of patent databases enables the identification of inno-
vative medical technologies at the earliest stages of their develop-
ment.  

4. Conducting expert surveys: Expert involvement in HS is possible at vari-
ous stages and makes it possible not only to validate the results obtained 
but also to identify unmet clinical needs that may not be evident to re-
searchers and developers of medical technologies. This contributes to 
more targeted HS , focused on addressing specific medical challenges, 
and also enables HS institutions to set priorities more effectively. 

At the same time, validation of HS results is critically important, as 
clinical experts are best positioned to assess whether new develop-
ments and technologies will be applicable in real-world clinical set-
tings. They can also determine which innovations have the highest po-
tential for successful integration into clinical practice, taking into ac-
count national and regional specificities – thus improving the likelihood 
of their commercialization and acceptance by physicians and patients. 

Expert surveys may be conducted using the following methods: 
• Delphi method: collection of expert opinions through a series of 

questionnaires, enabling consensus on the potential value of a new 
medical technology for the healthcare system. 

• Focus groups and strategic sessions: organized discussions with 
healthcare professionals (clinicians, health administrators, etc.), sci-
entists, researchers, and industry representatives to gather informa-
tion on new technologies and assess their potential significance for 
the system. 

5. Technology scouting and market analysis: Technology scouting in-
volves the active search for new health technologies within universities, 
research institutions, biotechnology companies, and startups. This en-
ables early identification of potential technological breakthroughs that 
may significantly impact the healthcare sector. Technology scouting 
supports informed investment decisions by assessing which innova-
tions hold the greatest potential to improve clinical practice and ex-
pand access to healthcare services. 

The analysis of published market reports, future market projections, 
and investment trends allows for the evaluation of a product’s potential 
commercial success, its alignment with the existing ecosystem, and 
the anticipated costs associated with its market introduction. 



These tools help forecast challenges associated with the imple-
mentation of innovation. Market analysis can identify barriers to market 
entry, such as regulatory constraints, integration challenges within ex-
isting healthcare infrastructure, or limited demand for certain tech-
nologies. Technology scouting, in turn, can highlight technological 
risks – for example, a lack of readiness for large-scale application or 
unresolved concerns regarding safety and effectiveness during the 
development phase. 

6. Monitoring regulatory agencies for health technology approvals: Moni-
toring the activities of regulatory agencies – such as the U.S. Food and 
Drug Administration (FDA), the European Medicines Agency (EMA), and 
others—is also an important element of HS, as it allows for tracking new 
approvals and market authorization applications for health technolo-
gies. In addition, the analysis of reports from international regulators 
enables companies and research organizations to plan their develop-
ment strategies more effectively and minimize risks by considering ex-
isting regulatory guidance. It also helps anticipate changes in the sec-
tor and supports more informed decision-making in the development 
and commercialization of health technologies. 

7. Building partnerships across healthcare systems: Establishing partner-
ships with all key stakeholders in the healthcare system is essential to 
strengthening HS activities and ensuring their relevance to real-world 
needs. Patient organizations, in particular, play a critical role in identify-
ing unmet medical needs and providing insight into technologies cur-
rently in use in clinical practice. Their input helps align HS efforts with 
the actual experiences and priorities of patients. 

The healthcare industry also serves as an important partner, offer-
ing early access to information about technologies under develop-
ment. Companies can contribute insights into innovations at various 
stages of the research and development (R&D) pipeline –from preclini-
cal concepts to late-stage products – thereby supporting more accu-
rate forecasting and timely assessment. Collaboration with industry 
stakeholders enhances the comprehensiveness of HS and enables 
proactive engagement with technologies well before they reach regu-
latory review or market authorization. 

Involving academia, regulators, payers, healthcare providers, and 
professional associations further reinforces the HS ecosystem, facili-
tating the triangulation of evidence, validation of findings, and align-
ment with broader health system goals. 

8. Data mining and use of AI: AI and digital technologies are playing an in-
creasingly important role in HS processes. They enable the processing 
of vast volumes of data and the identification of hidden trends, thereby 
improving the overall efficiency of HS. Big data analytics significantly 
enhances the effectiveness of HS by automating routine tasks, allowing 
real-time analysis of data from diverse sources, and applying machine 
learning algorithms to detect latent patterns and trends, as well as to 
forecast future developments based on historical data. 

Machine learning plays a central role in data analysis and the pre-
diction of technological trends. The main machine learning methods 
used in HS include: 
• Supervised learning – the use of labeled datasets to train models for 

predicting future events; 
• Neural networks – the use of multilayer neural architectures to ana-

lyze complex data, enabling classification and clustering (i.e., group-
ing data based on shared characteristics and uncovering hidden pat-
terns); 
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• Natural language processing – technologies that allow automated 
analysis of textual information from various sources, such as scien-
tific publications, patents, and news outlets. 

9. Scenario planning and trend analysis: Scenario planning is a comprehen-
sive process that enables the modeling and evaluation of various possible 
future developments and the associated risks, based on key trends and 
uncertainty factors such as shifting epidemiological patterns, economic 
dynamics, regulatory changes, and more. It is typically conducted in the 
form of foresight sessions involving multidisciplinary experts, including 
representatives from regulatory bodies and patient organizations. 

Scenario planning incorporates trend analysis, which involves the 
study of broad, long-term, and global shifts that impact demographics 
and the healthcare system as a whole. 

Within the context of HS, scenario planning helps healthcare stake-
holders prepare for an uncertain future by exploring different possible tra-
jectories. This tool enables companies, public institutions, and research 
organizations to develop flexible strategies, reduce risk, and make more 
informed decisions – ultimately facilitating the successful adoption of in-
novation and the long-term strengthening of the healthcare system. 

10. Monitoring conferences and exhibitions: Attending and monitoring 
presentations and posters at major scientific conferences, as well as 
participating in trade and industry exhibitions, can also be valuable for 
identifying research activities and the development of new health 
technologies. 
Naturally, determining an effective strategy for the identification of 

new health technologies requires the use of a combination of methods in 
each specific case. The value of each method varies depending on the 
objectives and focus of HS (for example, the area of interest may be lim-
ited to pharmaceuticals, surgical interventions, or diagnostic methods). 
To assess the appropriateness and value of specific methods, as well as 
to evaluate and aggregate HS results, tools such as multi-criteria deci-
sion analysis may be applied [10, 11]. 

The next stages of HS include the filtration and prioritization of health 
technologies. Filtration may be conducted according to a range of crite-
ria, including: the effectiveness of the technology, the size of the target 
patient population (expected to be affected by the technology), degree of 
innovation, availability of current alternatives, disease severity, strength of 
evidence on efficacy and safety, organizational impact, alignment with 
healthcare policy priorities, development stage, feasibility, ethical and so-
cial implications, and expected time to implementation. HS typically con-
siders a time horizon of 2–15 years. This reflects the fact that technologies 
expected to have an impact within less than 2 years are often already in 
late stages of development, while forecasts beyond 15–20 years tend to 
be too distant and uncertain to be actionable. 

Technologies selected through filtration are subsequently prioritized 
(i.e., ranked based on their relevance to the healthcare system). Prioritiza-
tion methods may include both qualitative and quantitative approaches, 
scoring and ranking, risk analysis, the Delphi method, public consulta-
tions, and expert involvement. The aim of prioritization is to select tech-
nologies based on their potential clinical and economic impact, as well as 
other predefined criteria [5]. 

Impact assessment may be conducted as a rapid analysis or as an in-
depth evaluation that incorporates both clinical and economic aspects. 
The assessment includes forecasting the adoption of technologies, eval-
uating their impact on clinical outcomes, infrastructure, and costs, as well 
as analyzing potential ethical and social implications. 



Dissemination of information includes the publication of electronic 
and print reports, the creation and maintenance of databases on emerg-
ing technologies, and the preparation of regular informational bulletins. 

 
National models and institutional approaches  
to horizon scanning in healthcare  
 
In many countries, HS in healthcare is carried out within the framework 

of HTA agencies and tends to be fragmented, focusing primarily on evalu-
ating the potential impact of new technologies on reimbursement sys-
tems. The time horizon is typically limited to no more than 5 years [12].  

Italy [13] serves as a prominent example, where since 2006 a struc-
tured short-term HS program has been implemented to monitor the 
emergence of new medicinal products and to provide the national regula-
tor the Italian Medicines Agency (Agenzia Italiana del Farmaco, AIFA) with 
information at three key stages – 36, 18, and 12 months prior to expected 
EMA market authorization. While this system supports early prepared-
ness and resource planning, it is narrowly focused on pharmaceuticals 
and technologies close to market entry.  

Similar models are in place in Norway, Sweden, the Netherlands, 
France, Australia, Canada, New Zealand, and South Korea [9, 12, 14].  

Unlike many other countries, the United Kingdom [15] has developed a 
more centralized approach to HS that is embedded within the structure of 
the National Health Service (NHS). 

The National Institute for Health and Care Research (NIHR) Innovation 
Observatory6, operating under the NHS and hosted by Newcastle Univer-
sity, plays a pivotal role in HS by informing healthcare policy, regulation, 
and research strategy. The Observatory monitors future pharmaceuticals, 
medical devices, and diagnostic technologies starting from the patent 
stage, often up to ten years before potential clinical adoption. The early 
identification of new health technologies typically begins three years prior 
to expected market authorization, aiming to compile data 24–30 months 
before anticipated launch. For novel medicines and advanced therapies, 
HS reports are generated 20 months before the expected marketing au-
thorization, and 15 months in advance for new indications of already ap-
proved products. The Observatory’s core areas of activity include: 
• HS and analytics: it systematically identifies and analyzes scientific and 

technological trends using diverse data sources, such as scientific liter-
ature, patents, and market intelligence. The Observatory also engages 
patient organizations and clinical experts to improve the relevance of its 
forecasts. Two primary approaches are used: general routine "horizontal 
scanning" and in-depth thematic reviews in clinical areas with known un-
met needs or high healthcare demand. 

• Assessment and recommendations: based on collected evidence, the 
Innovation Observatory evaluates the potential benefits and risks of 
emerging technologies. The resulting recommendations support deci-
sion-making by government bodies, industry, and academic institutions 
regarding the adoption and advancement of innovations. 

• Support for research and development: the Observatory collaborates with 
universities, research institutes, and commercial partners, providing ac-
cess to data and insights that guide the development of new products 
and technologies, ranging from basic science to applied innovation. 

• Education and knowledge dissemination: through training programs, 
workshops, and conferences, the Innovation Observatory raises aware-
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ness and understanding of new technologies among stakeholders, 
helping to foster an innovation-ready ecosystem. 

• Strategic planning and policy development: drawing on its data and ana-
lytics, the Observatory contributes to long-term strategic planning and the 
formulation of policy recommendations aimed at strengthening innova-
tion systems at both regional and national levels. 

The Observatory also offers access to tools, databases, reports, and 
dashboards developed through its programs to support translational re-
search7. This enables researchers and developers to apply cutting-edge 
methods and evidence to accelerate the integration of innovations into 
clinical practice. 

Brazil was the first among BRICS countries to take steps toward the 
systematic implementation of HS in healthcare. In 2011, the National 
Committee for Health Technology Incorporation (CONITEC) was estab-
lished, and beginning in 2014, in collaboration with scientific institutions, it 
began developing HS mechanisms for the early identification of new 
health technologies with potential impact on the national Unified Health 
System (SUS). Between 2014 and 2018, CONITEC developed and intro-
duced various analytical tools, including internal reports, early alerts, and 
briefing documents on emerging technologies. These materials became 
an important resource for informing healthcare authorities and support-
ing decisions regarding the incorporation of new technologies into the 
healthcare system [16]. 

One of the key milestones was the launch of the RADAR platform in 
2014, designed to disseminate analytical information on novel and emerg-
ing technologies. Developed by the Ministry of Health in collaboration with 
other institutions, the platform enabled timely communication with the 
medical community about technological changes, contributing to greater 
transparency and proactive innovation management in healthcare [17]. 

Brazil's experience demonstrates that institutionalizing HS within the 
national regulatory framework not only facilitates the evaluation of prom-
ising technologies but also supports their managed introduction – help-
ing ensure the sustainability of the system in a rapidly evolving technolog-
ical landscape. According to publicly available data, HS in other BRICS 
countries is not institutionalized and is not carried out on a regular or sys-
tematic basis. Unlike Brazil, where HS is integrated into national health 
governance, in India, China, Russia, South Africa, and the UAE, HS-re-
lated activities are conducted within isolated research projects or by indi-
vidual institutions. To date, none of these countries have established cen-
tralized national mechanisms for the continuous identification and as-
sessment of emerging health technologies. 

 
International organizations and initiatives  
in horizon scanning 
 
World Health Organization   
The World Health Organization (WHO) plays an active role in interna-

tional HS  initiatives. The Global Health Futures Forum brings together ex-
perts to discuss future challenges and opportunities in healthcare. Its key 
areas of focus include conducting research and analyzing future health 
trends, coordinating efforts and sharing experiences across countries, 
and developing strategic planning and innovation implementation recom-
mendations for WHO Member States [18]. 

7 ScanMedicine. Accessed 01.02.2025. https://www.scanmedicine.com/ 
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Organisation for Economic Co-operation  
and Development   
The Organisation for Economic Co-operation and Development 

(OECD) actively engages in HS initiatives within the healthcare sector. 
Through its Strategic Foresight unit, the OECD employs HS to systemati-
cally detect early signs of potentially significant developments, particu-
larly in science and technology, to anticipate their future impacts on 
healthcare systems8. 

In its 2017 report, "New Health Technologies: Managing Access, Value 
and Sustainability," the OECD reviewed various technology foresight and 
HS studies. The report highlighted the importance of these methodolo-
gies in identifying emerging technologies likely to transform healthcare 
within the next five to ten years. It also discussed national initiatives in HS, 
emphasizing the role of such activities in preparing health systems for 
new technological advancements [19].  

Furthermore, the OECD has developed frameworks for anticipatory 
governance of emerging technologies, advocating for the use of robust 
tools such as HS, advanced data analytics, forecasting, and technology 
assessment. These tools are employed to anticipate future developments 
and inform policy-making processes, ensuring that health systems are 
equipped to manage upcoming innovations effectively9. 

As noted above, EuroScan [3] brings together organizations engaged 
in HS to improve methodologies and facilitate the exchange of informa-
tion on emerging and new health technologies, thereby supporting the 
faster adoption of effective innovations across countries. Despite its 
name, the network includes members from around the world, including 
Brazil, Malaysia, Canada, Australia, and others, fostering the exchange of 
best practices and analytical approaches. EuroScan focuses primarily on 
ensuring access to up-to-date information to support decision-making, 
mitigate risks, and optimize resource allocation in healthcare. The organi-
zation employs both proactive and reactive monitoring strategies, includ-
ing surveillance of scientific literature, patent activity, and clinical trial 
data. EuroScan also works actively with regulators and stakeholders, 
adapting implementation approaches and promoting the sustainable in-
tegration of innovation into health systems. 

 
International horizon scanning initiative  
The International Horizon Scanning Initiative (IHSI)10 was established in 

2019 as an independent organization that delivers early intelligence on 
emerging pharmaceutical innovations to its participating countries. The 
initiative originated from the Beneluxa collaboration – a cross-border al-
liance in healthcare involving Belgium, the Netherlands, Luxembourg, 
Austria, and Ireland – yet IHSI functions independently, enabling countries 
to join without being part of Beneluxa. Initial IHSI members included Bel-
gium, the Netherlands, Denmark, Ireland, Norway, Portugal, Sweden, and 
Switzerland, with several other countries expressing interest in participa-
tion. 

The IHSI model, developed by the Belgian Health Care Knowledge 
Centre (KCE), involves the systematic identification and assessment of 
medicines expected to significantly impact healthcare systems. The cen-
tral implementation unit produces high-impact reports and maintains a 

8 Organisation for Economic Co-operation and Development (OECD). Strategic foresight. Accessed 03.02.2025. https://www.oecd.org/en/about/programmes/ strate-
gic-foresight.html 

9 OECD. Strategic Foresight. OECD website. Accessed 04.02.2025. https://www.oecd.org/strategic-foresight/ 
10 International Horizon Scanning Initiative (IHSI). Horizon scanning system. IHSI website. Accessed 05.02.2025. https://ihsi-health.org/horizon-scanning-system/ 
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shared database that supports decision-making on pricing, reimburse-
ment, budget planning, and access strategies. These outputs are directly 
used by national health authorities and payers to anticipate clinical and fi-
nancial consequences of new therapies and to align healthcare system 
readiness with innovation trajectories. 

IHSI represents a strong example of how countries can pool re-
sources and expertise to conduct structured, forward-looking HS  that di-
rectly informs national health policy. Its model offers a useful reference 
for BRICS countries, which could benefit from establishing a joint HS  
platform to monitor global pharmaceutical developments, strengthen lo-
cal decision-making capacity, and support regional innovation planning 
and access strategies. 

 
Horizon scanning in the Russian healthcare  
system: current gaps and strategic needs 
 
At present, a systemic HS process has not been widely adopted in the 

Russian healthcare system. In contrast to advanced international prac-
tices—where HS is actively employed to anticipate change and guide 
healthcare systems in adapting to future challenges – Russia has yet to 
integrate this tool at the national level. This hampers the ability to account 
for long-term trends and potential technological breakthroughs in deci-
sion-making and planning. 

Although a national HTA framework was introduced in 2014, it remains 
largely reactive. Assessments are typically initiated by applicants—primar-
ily pharmaceutical companies – and individual technologies are reviewed 
only at the request of the Ministry of Health or affiliated scientific institu-
tions11. This case-by-case approach does not enable comprehensive or 
continuous monitoring of innovation. Moreover, the current HTA horizon is 
typically limited to 2–3 years and focused on specific diseases, which re-
stricts strategic foresight and limits the healthcare system’s prepared-
ness for transformative advances. 

In recent years, several initiatives have been launched to support the 
identification and evaluation of innovative technologies. Two centers ded-
icated to medical technology transfer and coordination of biomedical re-
search were established in 2022 under a federal program aimed at ad-
vancing medical science. Additionally, a national information system was 
introduced to collect and store data on publicly funded R&D projects con-
ducted by institutions subordinate to the Ministry of Health [7].  

However, these efforts do not constitute a systemic HS process. 
First, they are narrowly focused on the internal needs of public institu-
tions and are not designed to provide early intelligence across the full 
spectrum of emerging health technologies. Second, these mechanisms 
operate in isolation and are not embedded within a continuous, trans-
parent, and coordinated national foresight framework. There is no struc-
tured methodology for technology prioritisation, no regular scanning cy-
cles, and no active engagement of key stakeholders such as industry, 
academic researchers, patients, or payers. In addition, these initiatives 
do not leverage modern analytical platforms such as AI, big data analyt-
ics, or predictive modelling. To be effective, HS must rely on these tech-
nological tools and be integrated into a national-level framework that 
ensures collaboration across all sectors of the healthcare and innova-
tion ecosystem. 

11 Government Decree No. 871 of August 28, 2014. On the procedure for the development of lists of medicinal products for medical use and the minimum assortment of 
medicines needed for medical care provision. Accessed 05.02.2025. http://government.ru/docs/14540/ 
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At the same time, other sectors in Russia are already successfully using 
sophisticated forecasting systems. One notable example is iFORA (Intelli-
gent Foresight Analytics), an intelligent foresight analytics platform devel-
oped by the Institute for Statistical Studies and Economics of Knowledge at 
the National Research University Higher School of Economics. This system 
uses big data analytics, machine learning, and semantic technologies to 
identify major technological and economic trends and forecast the develop-
ment trajectories of various sectors12. Applying such advanced analytical 
tools in healthcare – adapted to sector-specific needs—could significantly 
enhance governance and strategic planning. It would also support the es-
tablishment of a unified, sustainable, and forward-looking HS process. 

HS in healthcare is a strategic instrument for identifying and evaluat-
ing future trends and potential shifts that may affect the health system. Its 
implementation could bring substantial benefits for Russia: 
• Strategic planning: enables early identification of long-term trends and 

potential challenges, allowing for the development of proactive policies, 
innovation strategies, and better resource allocation. This improves sys-
tem readiness and strengthens the competitiveness of sectors such as 
healthcare, pharmaceuticals, and biotechnology. 

• R&D: supports the identification of priority areas for investment, encour-
ages collaboration between academic institutions and industry, and 
contributes to the planning of joint scientific initiatives. 

• Export potential: enhances the global competitiveness of Russian 
health technologies by continuously monitoring healthcare systems 
abroad, including regulatory requirements, reimbursement frameworks, 
clinical practice trends, and unmet medical needs. 

• Policy development: facilitates timely adjustments to health and phar-
maceutical policy through evidence-informed regulation and supports 
faster, safer integration of innovations into clinical practice. 

• Informed funding decisions: provides a robust evidence base to guide 
public and private investment in high-impact technologies, improving 
the alignment of financial decisions with system and patient needs. 

• Early access to innovation: improves system preparedness for the intro-
duction of emerging health technologies, reducing time to implementa-
tion and increasing adoption efficiency. 

• Healthcare cost management: identifies technologies that enhance di-
agnostic and therapeutic efficiency, reduce long-term system costs, 
and inform future planning for medical infrastructure and supply needs. 

• Support for HTA: provides early-stage data and insights on new and 
emerging health technologies, enabling HTA bodies to conduct more 
comprehensive, timely, and informed evaluations of clinical effective-
ness, safety, and economic impact. 

• Patient benefit: enables quicker access to innovative treatments, sup-
ports improved health outcomes, and contributes to the advancement 
of personalized medicine approaches. 

• Risk management: anticipates systemic and technological risks and 
supports the development of early mitigation strategies, contributing to 
greater resilience and sustainability of the healthcare system. 

International experience shows that the results of HS have a wide 
range of potential users [1, 5, 8], making it particularly important to ensure 
broad dissemination of HS outputs and access to information for all inter-
ested stakeholders. In the context of the Russian Federation, potential 
users of HS results in healthcare may include: 

12 Institute for Statistical Studies and Economics of Knowledge. iFORA: Intelligent Foresight Analytics System. Moscow: HSE University. Accessed 01.02.2025. https://is-
sek.hse.ru/en/ifora/u
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• Research institutions and academic centers: can use HS to identify 
emerging research priorities and align scientific agendas with the future 
needs of the healthcare system. This helps direct efforts toward high-
potential areas for the development of new health technologies. 

• Pharmaceutical companies and manufacturers of health technologies: 
may rely on HS to better understand long-term national priorities, as-
sess the market potential of their innovations, and optimise develop-
ment strategies. Early access to strategic intelligence supports more ef-
ficient product planning and commercialization. 

• Healthcare providers (e.g. hospitals and clinics): use HS to identify, eval-
uate, and adopt innovative diagnostic and therapeutic solutions. This 
enables timely integration of new technologies into clinical practice and 
contributes to improving the quality and efficiency of care delivery. 

• Patient organizations: benefit from early awareness of upcoming treat-
ment options and technological innovations. HS also enables stronger 
engagement in policy development and participation in clinical research 
and advocacy. 

• Health insurers and payers, including the Mandatory Health Insurance 
Fund: use HS to evaluate the potential impact of new technologies on clini-
cal outcomes and healthcare budgets. This supports evidence-informed 
reimbursement decisions and long-term financial planning. 

• Venture capital firms and institutional investors: use HS to identify prom-
ising areas for investment in biomedical and health technology innova-
tion. Access to early signals reduces investment risks and helps priori-
tize resources for high-impact technologies. 

• Regulatory authorities: draw on HS findings to anticipate future regula-
tory needs, adapt evaluation frameworks, and accelerate the review and 
approval of transformative health technologies. 

• HTA agencies: use HS to prepare for upcoming submissions, collect 
early data on safety, clinical effectiveness, and cost-effectiveness, and 
enhance the quality and relevance of assessments. 

• Government ministries and policy-makers: the Ministry of Health can 
use HS to anticipate public health needs, plan national program, and al-
locate resources more effectively. Early awareness of pipeline innova-
tions is crucial for timely decision-making on access and financing. The 
Ministry of Industry and Trade can use HS to guide industrial strategy by 
aligning domestic production with projected healthcare demands and 
global technology trends. 

Importantly, the development of an effective HS framework should also 
include mechanisms for international cooperation – particularly within 
strategic alliances such as BRICS. Collaboration with BRICS partners can 
facilitate joint foresight studies, the exchange of early intelligence on emerg-
ing health technologies, coordination of research priorities, and cross-bor-
der innovation planning. Such efforts can strengthen the collective pre-
paredness of BRICS health systems, enhance industrial integration, and 
create a shared vision for navigating global health technology transitions. 

To unlock these benefits, Russia must move beyond isolated initiatives 
and establish a unified, institutionalized HS framework for healthcare. 
This should be forward-looking, technologically advanced, inclusive of all 
system stakeholders, internationally coordinated, and aligned with 
broader socioeconomic and industrial strategies. 

 
Conclusion 
 
In an era of rapid advances in medical science and technology—paired 

with the financial constraints faced by healthcare systems – HS has be-
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come a critical tool for identifying and evaluating developments that may 
shape the future of health systems. By applying modern analytical meth-
ods and digital technologies, HS enables not only reactive adaptation to 
emerging trends but also proactive shaping of healthcare futures. 

The results of HS can have far-reaching policy implications. They sup-
port the formulation of national health priorities, guide strategic invest-
ment in research and development, inform the design of legal and regula-
tory frameworks, and define focal points for international cooperation. For 
example, HS findings can recommend closer collaboration with specific 
international partners around shared research agendas or priority tech-
nologies. Importantly, all stakeholders within the healthcare system are 
potential users of HS outputs and should be actively engaged in their dis-
semination and application. 

In the context of international integration, collaboration within BRICS 
countries is especially important. Joint efforts in HS could strengthen 
the collective ability to monitor health technologies and enhance the 
quality of strategic forecasting. For Russia, systematic work in HS is par-
ticularly relevant to ensure early identification of technology trends, de-
velop a consistent regulatory framework with aligned innovation policy. 
Coordinated initiatives would not only improve the identification of 
global technology trends, but also support the alignment of innovation 
policy, regulatory strategy, and implementation across diverse health 
systems. 
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ABSTRACT  
The Ayushman Arogya Mandir (AAM) initiative is a transformative ap-
proach in India’s journey towards Universal Health Coverage (UHC), ad-
dressing long-term deficiencies in the primary healthcare system. 
Launched in April 2018 under the Ayushman Bharat program, AAM seeks 
to revolutionize primary healthcare by upgrading existing Sub Health 
Centres and Primary Health Centres to provide comprehensive, free of 
cost services spanning preventive, promotive, curative, rehabilitative, and 
palliative care. This strategic shift has significantly improved access, par-
ticularly in underserved and rural areas. By integrating expanded range of 
services including non-communicable diseases (NCDs) and mental 
health into primary care, and by enhancing community mobilization and 
promotion, AAM has made substantial strides through improved popula-
tion coverage, significant reductions in Out-Of-Pocket Expenditure, and 
enhanced screenings for common NCDs. However, challenges persist, 
including infrastructural inadequacies, workforce shortages, quality of 
health care, information technology systems and more. Future efforts 
must focus on addressing these gaps through improved infrastructure, 
robust training programs, and advanced health information technologies. 
Continued research and strategic policy adjustments are also crucial to 
sustaining and expanding the achievements of the AAM initiative, ulti-
mately advancing India’s efforts towards UHC. 
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Introduction 
 
India's commitment to Universal Health Coverage (UHC) has been a 

longstanding and progressively evolving initiative, marked by a series of 
strategic policies and programmatic interventions. The nation has consis-
tently demonstrated its sustained commitment by being a signatory to the 
Alma Ata Declaration1 in 1978, and more recently, signing the Astana dec-
laration [1] in 2018. India alike other similarly placed countries, had limited 
focus on only reproductive and child health related services in primary 
health care. The selective approach was adopted in taking the geography 
specific health challenges.  

The saturation approach was felt as need of the time. This background 
paved the way for integration of UHC principles into the National Health 
Policy 20172 which demonstrated a fundamental shift in India's healthcare 
strategy, addressing evolving health system priorities after a 15-year gap. 
The policy advocated for comprehensive primary healthcare, integrating 
services beyond Reproductive and child health to include chronic and 
non-communicable diseases, with referral linkages to higher facilities and 
ensuring continuum of care. By emphasizing higher resource allocation to 
primary care, the policy aimed to strengthen primary health with a focus 
on the vulnerable population in both rural and urban areas. For converting 
the vision into action, Government of India’s flagship program, Ayushman 
Bharat was launched in 2018. 

Ayushman Bharat has four main components: 
I) Ayushman Arogya Mandir (AAM)3, erstwhile Ayushman Bharat 

Health and Wellness Centre, to deliver comprehensive primary 
healthcare through strengthening and upgradation of existing 
primary healthcare facilities i.e. Sub Health Centre (SHC) and Pri-
mary Health Centre (PHC) in rural and urban areas;  

II) Ayushman Bharat Pradhan Mantri Jan Arogya Yojana4 to provide 
financial protection to cover poor and most vulnerable individuals 
in the country for secondary and tertiary care; 

III) Ayushman Bharat Digital Mission (ABDM)5 to ensure access, eq-
uity and continuum of care while leveraging information technol-
ogy and supporting existing health systems in a ‘citizen-centric’ 
approach; and  

IV) Pradhan Mantri Health Infrastructure Mission6, the country’s 
largest pan India infrastructure scheme to develop capacity 
across all levels of care. 

1 World Health Organization. Regional Office for Europe. Declaration of Alma-Ata 1978. World Health Organization website. Published 08.10.2019. Accessed 27.07.2024.. 
https://www.who.int/publications/i/item/WHO-EURO-1978-3938-43697-61471 
2 Ministry of Health and Family Welfare. Government of India, National health policy. Published 2017. Accessed 27.07.2024. https://mohfw.gov.in/sites/default/ 
files/9147562941489753121.pdf 
3 Government of India, Ministry of Health and Family Welfare. Ayushman Arogya Mandir website. Updated 11.12.2019. Accessed July 27, 2024. https://ab-hwc-
dev.inroad.in/ 
4 National Health Authority. About Pradhan Mantri Jan Arogya Yojana (PM-JAY). National Health Authority website. Accessed 27.07.2024. https://nha.gov.in/PM-JAY 
5 National Health Authority. Ayushman Bharat Digital Mission website. Accessed 27.07.2024. https://abdm.gov.in 
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India’s health care system is three-tiered with primary health care as 
the first level of care, typically the first point of contact between citizens 
and healthcare system, catering to most of the preventive and basic cura-
tive health care needs such as SHCs & PHCs. Second tier comprises of 
the first referral centres providing specialist care, operative services, 
emergency and critical care, blood transfusion services etc. such as Dis-
trict Hospital (DH) & Community Health Centre, followed by tertiary level 
of health care for complex diagnostic procedures and treatment modali-
ties acting as institutions for imparting education and research such as 
medical colleges. As per established norms7, a PHC and SHC in rural ar-
eas is to be established for a population of 30,000 in plains (20,000 in 
hilly and tribal areas) and 5,000 in plains (3000 in hilly and tribal area) re-
spectively. Similarly, PHC in urban areas are established for every 50,000 
population with SHC for every 15,000 to 20,000 population in close prox-
imity to urban slums. 

The AAM initiative was announced with the aim to revolutionize pri-
mary healthcare delivery in India by transforming existing healthcare facil-
ities i.e. SHC and PHC into AAM-SHC and AAM-PHC to address critical 
systemic challenges adversely affecting the Indian health system since 
decades. As an attempt to move from a selective to a comprehensive ap-
proach, the AAM delivers an expanded range of services spanning pre-
ventive, promotive, curative, rehabilitative and palliative care across di-
verse demographic and geographic landscapes, free of cost. Since its 
launch in April 2018, a total of 176,887 AAM have been operationalized as 
of March 2025 delivering primary healthcare services across the country, 
particularly in underserved areas (fig. 1)8. 

This article focuses on comprehensive overview of the AAM initiative, 
detailing its key reforms, achievements, challenges, and future directions. It 
will specifically elucidate India's efforts in fortifying the primary healthcare 
system and advancing UHC, highlighting the impact and evolution of these 
initiatives in improving health outcomes and achieving health equity. 

6 National Health Mission. Pradhan Mantri – Ayushman Bharat Health Infrastructure Mission. National Health Systems Resource Centre website. Accessed 27.07.2024. 
https://nhsrcindia.org/pradhan-mantri-aatmanirbhar-swasthya-bharat-pm-asby 
7 Indian Public Health Standards Guidelines 2022. National Health Mission. Accessed 09.05.2025. https://nhm.gov.in/index1.php?lang=1&level=2&sublinkid=971&lid=154 
8 Government of India, Ministry of Health and Family Welfare. Ayushman Arogya Mandir website. Updated 11.12.2019. Accessed 27.07.2024. https://ab-hwc-dev.inroad.in/ 
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Key reforms under Ayushman Arogya Mandir 
 
Infrastructure development 
The AAM initiative prioritizes the enhancement of existing SHC and 

PHC across the nation ensuring that the upgraded facilities, i.e. the AAM-
SHC and AAM-PHC are well-equipped to deliver a comprehensive range 
of services. These enhancements encompass the construction of new 
buildings, renovation of existing structures, and provision of essential 
equipment and supplies in accordance with Indian Public Health Stan-
dard guidelines9. Since the announcement of the scheme, the upgrada-
tion of infrastructure coupled with quality certification, adequate sanitiza-
tion and hygiene practices has been instrumental in the effective imple-
mentation of the initiative. 

 
Expanded service delivery 
The upgraded facilities now offer an expanded range of 12 services in 

addition to maternal and child health, addressing the increasing burden 
of non-communicable diseases such as diabetes, hypertension, cardio-
vascular diseases, and three common cancers (oral, breast, and cervical) 
which require long-term management. Currently, 681 million patients are 
enrolled under the NCD programme of the country and it is progressing 
well. Historically neglected mental health services are now integrated into 
primary care, ensuring early detection and start of treatment. In the year 
2022, toll free tele mental health assistance (Tele Mental Health Assis-
tance and Networking Across State – Tele MANAS) initiative has been 
rolled out pan India with more than 2.1 million calls made till date. Addi-
tionally, AAM provide services related to ENT care, eye care, oral health, 
trauma care, geriatric and palliative care, catering to diverse healthcare 
needs within the community. 

 
Expanded human resources 
The introduction of Community Health Officer represents a strategic 

move to strengthen the healthcare workforce in the primary healthcare 
system [2]. Community Health Officers (CHOs) are trained professionals 
managing the AAM-SHCs as the leader of the primary healthcare team, 
providing clinical and public health services. In addition to managerial re-
sponsibilities, the CHOs conduct screenings, manage chronic conditions, 
provide preventive care, and offer health education. Furthermore, the 
AAM initiative encourages efforts to keep all types of vacancies filled reg-
ularly at the primary level to ensure sufficient healthcare providers to 
meet the growing service demand. Adequate mix of offline and online 
training, both classroom and on the job capacity-building programs, en-
hance healthcare professionals' skills and knowledge, enabling them to 
deliver high-quality care. 

 
Free medicines and diagnostics 
Previously the selective care for Maternal and Child care enlisted lim-

ited medicines (57 at SHC) and diagnostics (7 at SHC & 19 at PHC) at pri-
mary health care facilities. Under Ayushman Bharat initiative, the list has 
been expanded and reorganized to 106 essential medicines at SHC, 172 
essential medicines at PHC and 14 diagnostics at SHC, 63 diagnostics at 
PHC required for 12 packages of services at AAM. 

9 Indian Public Health Standards Guidelines 2022. National Health Mission. Accessed 27.07.2024. https://nhm.gov.in/index1.php?lang=1&level=2&sublinkid=971&lid=154 
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Ensuring the availability of essential medicines and diagnostic serv-
ices is instrumental for the successful implementation of the AAM initia-
tive. These drugs and diagnostics are provided free of cost resulting into 
significant reduction of Out-Of-Pocket Expenditure (OOPE), making 
healthcare more affordable and accessible to the population. This ap-
proach also enhances treatment regimen, ensures timely and appropri-
ate patient care, reducing the need for referrals to higher-level facilities. 
Moreover, the country has a robust web/app based portal (Drugs & Vac-
cine Distribution Management System) for indent, procurement and dis-
tribution of medicines and diagnostics consumables ensuring efficient 
supply chain and warehousing with quality assurance features such as 
Prescription audit, grievance redressal etc. for monitoring the real-time 
status of procurement and availability of essential medicines. 

 
Community mobilization 
Community mobilization is foundational to the AAM initiative. Engaging the 

community ensures effective utilization of healthcare services and promotes 
active individual participation in health maintenance. Health promotion activi-
ties include educational campaigns, workshops, and community meetings to 
raise awareness about preventive measures, healthy lifestyles, and service 
availability at AAMs. This is bolstered through constitution of Jan Arogya 
Samiti, Mahila Arogya Samitis, and Village Health Sanitation and Nutrition 
Committee with representation from community as well as public representa-
tives, overseeing the performance of health facilities and health workers. 

Accredited Social Health Activists (ASHAs) and other community 
health workers play indispensable roles in mobilizing the community, con-
ducting door-to-door visits, organizing health camps, and facilitating ac-
cess to care in hard-to-reach areas. Their efforts help build trust between 
healthcare providers and the community, leading to improved health out-
comes. Currently, there are more than one million ASHAs in-position in 
the country with the general norm of one ASHA per 1000 population and 
one ASHA per habitation in scheduled tribe areas. 

 
Health Promotion 
Similar to community mobilization, health promotion and disease pre-

vention are central to the AAM initiative with a focus on ‘Illness to Well-
ness’. AAM facilities are equipped to conduct universal screenings for 
NCDs, such as diabetes and hypertension, enabling early detection and 
timely intervention. Additionally, AAMs promote healthy lifestyles through 
nutritional counselling, physical activity programs, and smoking cessation 
support. Wellness activities, including yoga sessions and mental health 
workshops, foster holistic well-being. By prioritizing preventive measures 
and health promotion, the initiative is resulting in reduced disease inci-
dence and improved overall health outcomes. 

 
Continuum of care 
AAM facilities serve as the first contact point for beneficiaries, ensur-

ing timely access to care. This approach minimizes delays in diagnosis 
and treatment, leading to improved and equitable health outcomes. AAM 
facilities are integrated into a broader healthcare network, facilitating 
seamless referrals to secondary and tertiary healthcare facilities when 
specialized care is required. With the implementation of AAM, approach 
to healthcare has transitioned from fragmented care to continuum of 
care. Robust referral systems are ensuring that the patients receive care 
at the appropriate level, reducing the burden on higher-level facilities and 
optimizing resource utilization. 
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Teleconsultation 
Teleconsultation is expanding the reach to specialist care directly 

from rural and underserved areas. Integrating teleconsultation services 
into AAM facilities enables patients to connect with medical officers and 
specialists from remote locations, overcoming geographical barriers. 
Teleconsultation platforms such as eSanjeevani and Tele MANAS facili-
tate real-time communication between patients and healthcare 
providers, allowing accurate and timely diagnosis, treatment planning, 
and follow-up care. This approach enhances the reach and quality of 
healthcare services, reduces OOPE for patients with the need of long-
distance travel in remote areas, and ensures timely consultations. Addi-
tionally, teleconsultation supports capacity building among primary care 
providers particularly the CHOs and Auxiliary Nurse and Midwife (ANM) at 
the AAM-SHC by enabling them to seek guidance from specialists for 
handling the patients independently in future. 

 
Provider payment reforms  
Provider payment reforms and team-based incentives are essential 

for the sustainability and efficiency of any health care system. The 
web/app based online systems to report & verify claims, followed by 
timely & transparent disbursal of payments & incentives in most the parts 
of country is helping the country to keep the health workforce motivated 
to deliver high-quality care. Performance-based payments are linked to 
specific health outcomes and quality indicators, encouraging adherence 
to best practices and guidelines among the primary health workforce. 
Moreover, these reforms align healthcare providers' financial incentives 
with the initiative's goals, fostering a culture of accountability and continu-
ous improvement in healthcare delivery. 

 
Financial Support 
 
The National Health Policy of Government of India envisions increase 

in public health expenditure to 2.5% of Gross Domestic Product by the 
year 2025 and strives to allocate two-third of total health expenditure to 
primary health care. National Health Mission is the one of the largest 
Centrally Sponsored Schemes of health supported by Government of In-
dia, with annual budget of approx. 4 Billion USD for ensuring universal ac-
cess to quality health care in India. To further build a resilient health sys-
tem, there is an additional central funding of 8.3 Billion USD through Fi-
nance Commission directly to local government (rural & urban) to 
strengthen primary healthcare system as per local needs. 

To further accelerate the process, Pradhan Mantri-Ayushman Bharat 
Health Infrastructure Mission (PM-ABHIM) has been launched with an 
outlay of 7.62 billion USD to develop the capacities of primary, secondary, 
and tertiary care health systems, strengthen existing national institutions, 
and create new institutions to detect and cure new and emerging dis-
eases. 

 
Achievements so far 
 
Improved access and population coverage 
The AAM initiative has markedly increased access to primary health-

care services, especially in rural and underserved regions. By establishing 
the AAM-SHCs and AAM-PHCs, the initiative has effectively decentral-
ized healthcare delivery, thereby reducing time to care. This decentraliza-
tion approach aligns with global health strategies emphasizing the impor-
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FIG. 2. Year wise cumulative footfall at Ayushman Arogya Mandir

tance of accessible and equitable healthcare services. The widespread 
network of healthcare facilities has significantly improved population cov-
erage. Since its implementation, the cumulative number footfall in the 
AAM-SHCs and AAM-PHCs have increased from 134.9 million in 2019-20 
to 4.04 billion in 2024-2510 (fig. 2). 

 
Reduced Out-Of-Pocket Expenditure 
AAM has effectively reduced OOPE for individuals availing essential 

primary healthcare services at the AAM-SHCs and AAM-PHCs by offering 
services free of cost. This reduction in OOPE has facilitated improved ac-
cess to essential healthcare, particularly benefiting economically disad-
vantaged populations. Patients referred to higher level facilities have the 
provision to avail services under Pradhan Mantri Jan Arogya Yojna (PM 
JAY) which provides a health insurance coverage of ~ 6000 USD per fam-
ily per year for secondary and tertiary care hospitalization the bottom 
40% of the Indian population (approx. 550 millions of beneficiaries). Ac-
cording to the recently published National Health Account (NHA) esti-
mates, OOPE had accounted for 64.2% of Total Health Expenditure in 
2013-14 and reduced to 39.4% in 2021-2211. 

 
Decongestion of secondary and tertiary healthcare  
facilities 
The AAM initiative has contributed to the decongestion of secondary 

and tertiary healthcare facilities in the country by strengthening the pri-
mary healthcare infrastructure and enhancing access to essential services 
at the community level12 [3]. By addressing healthcare needs at the pri-
mary level, this program has reduced the patient load on higher-level facil-
ities, allowing them to focus on more complex and specialized treatments. 
This decentralization of healthcare delivery has improved the overall effi-

10 Government of India, Ministry of Health and Family Welfare. Ayushman Arogya Mandir website. Updated 11.12.2019. Accessed 09.05.2025. https://ab-hwc-dev.inroad.in/ 
11 National Health Accounts 2021-22. National Health Systems Resource Centre. Accessed 09.10.2024. https://nhsrcindia.org/sites/default/files/2024-09/NHA%202021-

22.pdf 
12 Nirupam B, Wadhwa M. Health and Wellness Centres: Expanding Access to Comprehensive Primary Health Care in India. ICT India Working Paper #13; 2019. Accessed 

27.07.2024. https://csd.columbia.edu/sites/default/files/content/docs/ICT%20India/Papers/ICT_India_Working_Paper_13.pdf
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ciency and effectiveness of the healthcare system, ensuring that second-
ary and tertiary institutions are not overwhelmed and can provide better 
quality care. 

 
Improved population health outcomes  
AAM has made a substantial impact towards improved population 

health outcomes in India by enhancing access to comprehensive health-
care services, particularly for economically disadvantaged groups [4]. The 
program's extensive coverage of essential health care services and pre-
ventive care has led to early diagnosis and timely intervention, thereby re-
ducing morbidity and mortality rates. Maternal Mortality Rate has reduced 
from 122 in 2015-17 to 97 in 2018-20, Infant Mortality Rate has declined 
from 37 in 2015 to 28 in 2020 and Under-5 Mortality Rate has reduced 
from 43 in 2015 to 32 in 202013. Moreover, the financial protection offered 
has also alleviated economic barriers to healthcare, fostering greater uti-
lization of health services and promoting better overall health within the 
population. 

 
Improved screening for common NCDs 
Historically, primary healthcare systems in India have been predomi-

nantly focused on maternal and child health services. The AAM initiative, 
however, adopts a more holistic approach, incorporating services for 
NCDs, mental health, and other specialized healthcare needs. This transi-
tion is critical in a country where NCDs account for a significant propor-
tion of morbidity and mortality [5]. Emphasizing health promotion and dis-
ease prevention is a cornerstone of the AAM initiative. Universal screen-
ings for NCDs such as diabetes and hypertension are conducted at the 
AAM-SHCs and AAM-PHCs, enabling early detection and timely interven-
tion. From 2019-20 to 2024-25 cumulative number of screenings for hy-
pertension increased from 38 million to more than 1.1 billion and for dia-

13 Office of the Registrar General & Census Commissioner, India (ORGI). Sample Registration System (SRS) – Statistical Report 2020. Census of India. Published 
22.09.2022. Accessed July 27, 2024. https://censusindia.gov.in/nada/index.php/catalog/44376
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betes, increased from 32 million to 978 million (fig. 3A & 3B). Similarly, 
screening for three common cancers (oral, breast and cervical) has also 
improved14. 

 
Enhanced health wellness activities 
Health education campaigns and wellness activities, including yoga 

sessions and nutritional counselling, are integral components of the AAM 
initiative. These measures not only foster awareness but also empower 
individuals to take proactive steps towards maintaining their health. As a 
result of the initiative, the cumulative number of wellness sessions in-
creased from 1 million in 2019-20 to more than 52 million in 2024-2514 (fig. 
4). Evidence suggests that such integrated health promotion activities 
can lead to substantial improvements in community health outcomes. 

 
Institutional reform and agent of effective implementation 
of all health programmes 
These AAMs as against the old version of SHC have now become the 

example of unique experiment of institutional reform comprising all the 
tenets of the primary health care. As it is evident that these have be-
come trustworthy partners in the implementation of all the health pro-
grammes of national importance, they have instilled a confidence in the 
policymakers to decide ambitious timelines of various health pro-
gramme roll out or saturation coverage. India has launched the UWIN 
portal for immunisation drive to keep record of each vaccination dose, 
eliminate the vector borne diseases such as Kala-azar, Lymphatic Filari-
asis, Malaria and tuberculosis wholly realising the fact that these SHCs 
are now the reliable and dependable institutions for ensuring compre-
hensive primary health care for citizens living in rural and difficult to 
reach areas of country. 
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14 Government of India, Ministry of Health and Family Welfare. Ayushman Arogya Mandir website. Updated 11.12.2019. Accessed 09.05.2025. https://ab-hwc-dev.inroad.in/
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Way forward 
 
While the progress towards citizen-friendly health care has been im-

pressive, taking government health care services till the last mile is an 
area for improvement. The awareness among masses about health serv-
ices, health seeking behavior and utilization of health care services in In-
dia is dynamic and dependent on multiple factors such as gender, stages 
of illness, literacy, socio-economic conditions, social beliefs, ease of ac-
cessibility, availability of services, time to care and quality of care etc. The 
efforts for provision of comprehensive care closer to the homes of people 
keeping along the community approach, intervened with dependable dig-
ital technologies will go a long way in reaching the unreached. The ongo-
ing efforts for quality assurance certification (National Quality Assurance 
Standards issued by Ministry of Health and Family Welfare) of public 
health care facilities need further strengthening to enhance the trust of 
citizens in government health systems. 

Availability of skilled healthcare workforce is critical to meet the in-
creasing need for health care services. Innovative remuneration policies 
such as ‘you quote we pay’ for hiring the doctors to work in rural areas, 
skill based training, career progression through Public Health Manage-
ment Cadres guidelines, residential facilities near workplace, Incentive 
mechanism are few sectors which will be focused in coming times. 

India’s ambitious initiative ABDM, is a digital ecosystem with health fa-
cility and health care provider registry, to maintain the digital health 
records through the unique Health ID for every individual i.e. Ayushman 
Bharat Health Account (ABHA ID). It will play a crucial and central role in 
maintaining the longitudinal electronic health records of patient enabling 
seamless movement of patient across the health facilities, government or 
private. The efforts shall have to be energised to use of this feature by 
maximum patients. 

Additionally, impact assessments, monitoring health outcomes, and 
gathering feedback from beneficiaries and healthcare providers are es-
sential to identify best practices, address challenges, and informed policy 
decisions. 
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Moreover, adequate funding on health sector as per expected norms, 
efficient resource utilization through inter and intra sectoral coordination 
will be required to sustain the initiative's gains and achieve the overall 
Sustainable development Goals. 

 
Conclusion 
 
The AAM initiative represents a paradigm shift in India's progression 

towards UHC, addressing systemic deficiencies within the primary 
healthcare infrastructure. By decentralizing service delivery and aug-
menting access to essential services, particularly in rural and under-
served regions, the initiative has markedly improved health outcomes and 
reduced OOPE. Its comprehensive framework, which encompasses pre-
ventive, promotive, curative, rehabilitative, and palliative care, has allevi-
ated the burden on secondary and tertiary care facilities, thereby enhanc-
ing the overall efficiency and efficacy of the healthcare system. Notwith-
standing challenges such as infrastructural inadequacies and workforce 
shortages, the successful implementation of the AAM initiative has the 
potential to further advance healthcare equity and improve the quality of 
healthcare services in the country. Future initiatives must prioritize infra-
structure enhancement, adequate human resource deployment, and the 
integration of technological innovations to consolidate and extend the 
progress achieved, ultimately furthering the nation’s trajectory towards 
UHC. 
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ABSTRACT  
Greater than 40% of cancer can be prevented through modifiable risk 
factors. The World Cancer Research Fund and American Institute for 
Cancer Research recommended healthy lifestyles for cancer prevention. 
No study, however, has investigated adoption rate of cancer prevention 
lifestyles in China. This article utilized data from a baseline survey of major 
cancer related risk factors in China including 89,045 participants. The 
results showed that the adoption rate of healthy lifestyles for cancer 
prevention among the contemporary Chinese population was 24.49%. 
Women (28.91%), individuals aged 40 years or older (26.43%-38.41%), 
had lower education level (27.60%), lived in rural areas (29.24%) and high 
or middle human development index regions (24.98%), and were 
unemployed (29.14%) had higher adoption rates. The adoption rate of 
healthy lifestyles was lowest among participants aged 25–29 years 
(14.16%) and showed an increased trend with age (P for trend < 0.001), with 
similar trends observed across subgroups stratified by sex, education 
level, residential area, and employment status (all P for trend < 0.001). 
Despite challenges in implementing primary cancer prevention, recent 
initiatives such as China Code Against Cancer and the Smart Health 
Management Digital Platform for Primary Cancer Prevention are expected 
to promote healthy lifestyles among the Chinese population, supported 
by national policies and international guidelines. 
 
Key Words: preventive oncology, modifiable risk factors, lifestyle 
adoption, Smart Health Management, Code Against Cancer 
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Introduction 
 
Non-communicable diseases (NCDs), including cancer, become a sig-

nificant public health challenge, hindering progress toward the Sustain-
able Development Goals. NCDs accounted for 75% of non-pandemic-re-
lated deaths worldwide in 2021, with the majority occurring in low- and 
middle-income countries1. Cancer is responsible for about 10 million 
deaths annually, second only to cardiovascular disease as the leading 
cause of NCD death globally2 [1]. In China, there are 4.8 million new cases 
and 2.6 million deaths each year, accounting for approximately one-fourth 
of global cancer incidence and mortality respectively [2]. The cancer bur-
den in China is expected to grow by about 50% in the next two decades, 

1 World Health Organization. Non communicable diseases. Accessed March 14, 2025. https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases 
2 International Agency for Research on Cancer. Global Cancer Observatory. Accessed 16.02.2025. https://gco.iarc.fr/  Office of the Leading Group of the State   
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driven by the rapidly growing aging population, industrialization, and 
widespread unhealthy lifestyles [3]. Growing evidence indicates that more 
than 40% of cancers are preventable by addressing modifiable risk fac-
tors [4]. Recommendations from the World Health Organization suggest 
that reducing unhealthy behaviors is one of the most cost-effective ways 
to tackle NCDs including cancer [5, 6]. Aligning with the "Healthy China 
2030" strategy, promoting healthy lifestyles and early intervention is cru-
cial for reducing the cancer burden in China and worldwide. 

Lifestyle risk factors, including unhealthy diet, alcohol consumption, 
physical inactivity, obesity, and tobacco use, contributed to more than 
40% of global cancer deaths and disability-adjusted life-years [7], and 
China shared the same situation [8]. These individual lifestyle factors of-
ten co-exist and have synergistic effect on health [9]. World Cancer Re-
search Fund (WCRF) and American Institute for Cancer Research (AICR) 
made recommendations on healthy lifestyles for cancer prevention, in-
cluding being a healthy weight, being physically active, eating a diet rich in 
wholegrains, vegetables, fruits, and beans, limiting consumption of fast 
food and other processed foods, limiting consumption of red and 
processed meat, limiting consumption of sugar-sweetened drinks, and 
limiting alcohol consumption [10]. Multiple studies have provided sup-
porting evidence that individuals who adhere to the 2018 WCRF/AICR rec-
ommendations experienced a reduced risk of breast, colorectal, and lung 
cancer, highlighting that promoting healthy lifestyles can serve as a pri-
mary cancer prevention strategy [11, 12].  

Several studies from North America, Europe, and Africa reported on 
the prevalence of adherence to the 2018 WCRF/AICR recommendations 
and found wide variation between study populations, ranging from 6.28% 
to 40.1%, suggesting that there is considerable scope for promoting 
healthy lifestyles [11, 13–27]. No study has investigated compliance with 
the 2018 WCRF/AICR recommendations among Chinese populations.  

This study analyzed data from an ongoing population-based study of 
major cancer related risk factors in China to understand the status of 
healthy lifestyles of the contemporary Chinese population follows the 
2018 WCRF/AICR recommendations, identify challenges in promoting 
healthy lifestyles, and share new initiatives in promoting healthy lifestyles. 

 
Methods 
 
All data was from a baseline survey of major cancer-related risk fac-

tors in China between 07.07.2021 and 31.12.2024, including 148,338 partic-
ipants. All participants were enrolled through the Smart Health Manage-
ment Digital Platform for Primary Cancer Prevention (SmartHMDP-PCP) 
with an electronic module-based standardized questionnaire including 
information on demographic characteristics, lifestyle and environmental 
factors, medical history and medication use, and family history [28]. Ma-
jority of the study participants were from Beijing, Guangdong, Shaanxi, 
Henan, Gansu, Shanxi, and Sichuan provinces in China. Participants with 
missing data on variables in the 2018 WCRF/AICR recommendations 
(N=59,293) were excluded, yielding 89,045 participants being included 
for the final analysis. Electronic informed consents were obtained from all 
participants before investigation. This study was approved by the ethical 
committee of the National Cancer Center/Cancer Hospital, Chinese 
Academy of Medical Sciences.  

The 2018 WCRF/AICR score was calculated by assigning the points of 
1, 0.5, and 0 to fully, partially, and not meeting each of the recommended 
items, respectively. The 2018 WCRF/AICR score is represented in Supple-
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ment A (supplementary materials on the journal website https://doi.org/10. 
47093/3034-4700.2025.2.1.38-52-annex-a). Physical activity was calcu-
lated as minutes per week through frequency and duration of moderate-vig-
orous leisure-time physical activity (e.g., yoga, walking, running, cycling, 
swimming), transport physical activity (e.g., walking briskly, running), house-
hold physical activity (e.g., child care, family care, yard work, scrubbing 
floors), and occupational physical activity. Total duration of moderate-vigor-
ous physical activity was categorized into ≥150, 75-<150 and <75 
mins/week. Dietary information was collected via a semi-quantitative food 
frequency questionnaire. The intake of fruits and vegetables was divided 
into three classes: ≥400, 200-<400, and <200 g/day. Total fiber intake was 
estimated from the frequency of consumption and portion size of food 
items using the Chinese standard tables of food consumption and subse-
quently categorized into ≥30, 15-<30, and <15 g/day [29, 30]. Alcohol con-
sumption was based on daily ethanol intake of beer, grape wine, rice wine, 
and liquor. Sex-specific classification of daily ethanol intake was used in 
scoring alcohol consumption: fully (0 g/day), partially (>0-28 g/day for males 
and >0-14 g/day for females), and not meeting the recommendation (>28 
g/day for males and >14 g/day for females). Red meat intake was catego-
rized as <300, 300-500, and >500 g/week. Total sugar-sweetened drinks 
intake was categorized into <1, 1-2, and ≥3 can/day. The cutoffs of body 
mass index (BMI; underweight: <18.5, healthy weight: 18.5-<24, overweight: 
24-<28, and obesity: ≥28.0 kg/m²) were based on the criteria proposed by 
the Working Group on Obesity in China [31]. We used takeaways to replace 
fast food and was categorized into <1, 1-3, and ≥4 time/week. The final score 
was the sum of all points of seven items, with higher values indicating 
healthier lifestyle. The score was further categorized into unhealthy (0-4 
points), moderately healthy (>4-<6 points), and healthy (6-7 points).  

Characteristics of the study population were presented as numbers 
(percentages) for qualitative variables, and median (interquartile range) for 
quantitative variables, by the 2018 WCRF/AICR Score groups. Chi-square 
tests or Kruskal-Wallis tests were used to compare differences among 
the 2018 WCRF/AICR Score groups. The weights of the Segi’s population 
and China's 2020 Census for calculating age-standardized prevalence 
rates (ASPR) of three lifestyle groups, respectively3,4. The linear trends of 
prevalence over age groups were tested using Cochran-Armitage test, 
both overall and by certain selected subgroups of individuals (e.g., sex, 
education, urban-rural location, employment status, geographic region, 
and regional human development index (HDI)). According to Human De-
velopment Report Office, regional HDI was divided into low (<0.550), 
medium (0.550-0.699), high (0.700-0.799), and very high (≥0.800)5. All 
statistical analyses were done with SAS version 9.4 and R version 4.3.2. 
Two-sided P value <0.05 was considered as statistical significance. 

 
Results 
 
Among 89,045 participants, the median (interquartile range) age was 

38 (29-48) years and 57,384 (64.44%) were women. Of the overall popula-
tion, 21,803 (24.49%) adopted healthy lifestyles, 54,279 (60.96%) adopted 

3 Office of the Leading Group of the State Council for the Seventh National Population Census. China Population Census Yearbook 2020. Beijing: China Statistic Press. 
2022 

4 Ahmad OB, Boschi-Pinto C, Lopez AD, Murray CJ, Lozano R, Inoue M. Age standardization of rates: a new WHO standard. Geneva: World Health Organization; 2001. Ac-
cessed 16.02.2025. https://cdn.who.int/media/docs/default-source/gho-documents/global-health-estimates/gpe_discussion_paper_series_paper31_ 
2001_age_standardization_rates.pdf  

5 United Nations Development Programme. Human Development Index (HDI). United Nations Development Programme. Accessed 16.02.2025. 
https://hdr.undp.org/data-center/human-development-index#/indicies/HDI 
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moderately healthy lifestyles, and 12,963 (14.56%) adopted unhealthy 
lifestyles. The ASPR using the world standard population of healthy, mod-
erately healthy, and unhealthy lifestyle were 26.08%, 60.42%, and 
13.50%, respectively. The ASPR (world) of a healthy lifestyle was higher 
among women, individuals with education below a bachelor’s degree, 

Table. Characteristics of participants by the 2018 WCRF/AICR Lifestyle. 
Abbreviations: WCRF/AICR, World Cancer Research Fund/ American Institute for Cancer Research; HDI, Human 
Development Index; ASPR, Age-standardized prevalence rate.

Characteristic

The 2018 WCRF/AICR Lifestyle

P-
value

Overall Healthy (6-7 points) Unhealthy (0-4 points) 

N Percent N
Crude 
rate

ASPR 
(World)

ASPR 
(China)

N
Crude 
rate

ASPR 
(World)

ASPR 
(China)

Overall 89,045 21,803 24.49% 26.08% 27.83% 12,963 14.56% 13.50% 12.01%

Sex <0.001

Women 57,384 64.44% 16,587 28.91% 31.39% 33.59% 6,330 11.03% 9.95% 8.53%

Men 31,661 35.56% 5,216 16.47% 17.68% 19.25% 6,633 20.95% 20.26% 18.31%

Education <0.001

Below bachelor’s degree 40,397 45.37% 11,150 27.60% 26.64% 28.40% 5,179 12.82% 13.89% 12.23%

Bachelor’s degree and above 48,556 54.53% 10,640 21.91% 25.88% 27.84% 7,770 16.00% 13.54% 12.19%

Missing 92 0.10% 13 14

Urban-rural location <0.001

Rural 23,272 26.14% 6,805 29.24% 29.45% 30.81% 2,510 10.79% 10.59% 9.42%

Urban 64,762 72.73% 14,756 22.78% 24.98% 26.85% 10,306 15.91% 14.50% 12.92%

Missing 1,011 1.14% 242 147

Employment status <0.001

Unemployed 28,331 31.82% 8,257 29.14% 29.76% 31.26% 3,170 11.19% 10.71% 9.54%

Employed 60,714 68.18% 13,546 22.31% 24.25% 26.38% 9,793 16.13% 15.68% 13.95%

Geographic region <0.001

South 14,858 16.69% 2,308 15.53% 18.29% 20.53% 3,175 21.37% 19.90% 17.86%

North 74,178 83.30% 19,492 26.28% 27.65% 29.29% 9,787 13.19% 12.23% 10.85%

Missing 9 0.01% 3 1

Regional HDI <0.001

Very high 10,839 12.17% 2,267 20.92% 20.94% 23.21% 1,872 17.27% 18.36% 15.89%

Middle-to-high 78,203 87.82% 19,535 24.98% 26.86% 28.63% 11,091 14.18% 13.03% 11.61%

Missing 3 0.00% 1 0

Age group (years) <0.001

18-24 13,384 15.03% 2,727 20.38% 2,589 19.34%

25-29 9,982 11.21% 1,413 14.16% 2,456 24.60%

30-34 13,570 15.24% 2,731 20.13% 2,293 16.90%

35-39 12,812 14.39% 2,922 22.81% 1,896 14.80%

40-44 11,146 12.52% 2,946 26.43% 1,357 12.17%

45-49 9,751 10.95% 2,915 29.89% 949 9.73%

50-54 9,013 10.12% 2,975 33.01% 769 8.53%

55-59 4,953 5.56% 1,570 31.70% 389 7.85%

60-64 2,101 2.36% 719 34.22% 147 7.00%

65-69 1,333 1.50% 512 38.41% 71 5.33%

≥70 1,000 1.12% 373 37.30% 47 4.70%
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those who were unemployed, and those residing in rural locations, north-
ern regions, and regions with middle-to-high HDI (all P<0.001; Table). 

The adoption rate of healthy lifestyles was lowest among participants 
aged 25–29 years (14.16%) and increased with age (P for trend < 0.001), 
peaking at the 65–69-year age group (38.41%), except for a slight decline 
observed in those aged 55–59 years (31.70%) (Fig. 1). Conversely, the 
adoption rate of unhealthy lifestyles followed the opposite pattern, show-
ing a decreasing trend with age (P for trend < 0.001), with the highest level 
in the 25–29-year age group (24.60%) and declining to the lowest among 
those aged 70 years or older (4.70%). The similar lifestyle patterns were 
observed in subgroups stratified by sex, educational level, residential ar-
eas, and employment status (all P for trend < 0.001, Fig. 2). However, men 
consistently had lower adoption rates of healthy lifestyles and higher 
adoption rates of unhealthy lifestyles across all age groups as compared 
to women. 

The age-specific adoption rates of healthy lifestyles were slightly 
higher among participants without a bachelor’s degree than those with a 
bachelor’s degree or above across the 25–29 to 65–69-year age groups. 
Compared with rural residents, urban participants had lower adoption 
rates of healthy lifestyles across all age groups except those aged 65 
years or older, while the adoption rate of unhealthy lifestyles was higher 
among urban residents across all age groups. Among unemployed partic-
ipants, the trend of healthy lifestyles almost mirrored that of the overall 
population, whereas among employed individuals, adoption rate in-
creased from the 18-24-year (12.68%) to 50-54-year (32.01%) age groups 
before fluctuating in those aged 55 years or older, although the overall 
trend remained increasing. The adoption rate of unhealthy lifestyles was 
consistently higher among employed participants than unemployed indi-
viduals across all age groups. 

Regional disparities were also observed. In northern China, the adop-
tion rate of healthy lifestyles was higher, and that of unhealthy lifestyles 
was lower across all age groups except in the age group of 70 years or 
older. Stratification by regional HDI showed that participants living in very 
high HDI regions generally had lower adoption rates of healthy lifestyles, 
except in the 55–59-year age group. On the other hand, the adoption rate 
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Fig. 1. Age-specific adoption rates of healthy and unhealthy lifestyle in 2018 WCRF/AICR groups. Abbreviation: 
WCRF/AICR, World Cancer Research Fund/ American Institute for Cancer Research
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Fig. 2. Age-specific adoption rates of healthy and unhealthy lifestyle in 2018 WCRF/AICR groups, among 
subgroups. Abbreviation: WCRF/AICR, World Cancer Research Fund/ American Institute for Cancer Research; 
HDI, Human Development Index.
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Fig. 2. Age-specific adoption rates of healthy and unhealthy lifestyle in 2018 WCRF/AICR groups, among 
subgroups. Abbreviation: WCRF/AICR, World Cancer Research Fund/ American Institute for Cancer Research; 
HDI, Human Development Index.
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of unhealthy lifestyles was higher in very high HDI regions for all age 
groups before 60–64 years. 

We further analyzed single lifestyle components, and found that ad-
herence to recommendations regarding fruit, vegetable, and fiber intake 
was the lowest across all age groups (all age-specific prevalences <40%; 
Fig. 3). Similarly, adherence to BMI recommendations and red meat intake 
guidelines was relatively low. In contrast, adherence to physical activity, 
sugar-sweetened drinks intake, and alcohol consumption guidelines was 
relatively higher. Older participants demonstrated greater adherence to 
recommendations for takeaway food consumption, sugar-sweetened 
drinks intake, red meat intake, and fruit, vegetable, and fiber intake. 
Among them, adherence to recommendations on takeaway food con-
sumption showed substantial changes with age, with a marked increase 
starting from the 25–29 years (36.35%) to 70 years or older (95.40%) age 
group. Conversely, the age-specific adoption rate of unhealthy adherence 
followed the opposite trend. 

 
Discussion 
 
Status of healthy lifestyles of contemporary Chinese  
population 
To the best of our knowledge, this represents the first study to report 

the prevalence of combined lifestyles in adherence to the 2018 
WCRF/AICR recommendations in a Chinese population. This study found 
that approximately a quarter of the people had healthy lifestyles. In gen-
eral, women, older individuals, people lived in rural areas, and people lived 
in middle-to-high HDI regions were more likely to adopt healthy lifestyles. 
While compliance with the 2018 WCRF/AICR recommendations in this 
study was comparable to other studies, the fact that only about one fourth 
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Fig. 3. Age-specific adoption rates of healthy and unhealthy lifestyle in 2018 WCRF/AICR components. 
Abbreviations: WCRF/AICR, World Cancer Research Fund/ American Institute for Cancer Research; BMI, Body 
Mass Index. For single lifestyles, healthy lifestyle represented “1 point” for the correspondent recommendation, 
and unhealthy lifestyle represented “0 points”. All P for trend were <0.001 in all groups.
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of the overall population and less than one fifth of young people adopted 
healthy lifestyles suggests that more efforts are needed to increasing 
adoption rates. 

According to a national health literacy monitoring survey in 2021 in 
China, individuals with higher educational levels possessed greater 
health literacy than those with lower educational levels [32]. However, our 
study did not observe a higher prevalence of healthy lifestyles among 
people with greater education levels. In developing counties like China, 
development of health-supportive system might lag behind rapid social 
and economic transformations, causing the health penalty to high social 
economic status individuals [33]. On the other hand, unhealthy dietary 
and drinking options were less affordable and often perceived as privi-
leges of the advantaged individuals. Other potential explanations may be 
due to lack of effective health education regarding primary cancer pre-
vention. More efforts are needed to explore potential barriers to people 
adopting healthy lifestyles. Notably, the government launched the "Weight 
Management Year" initiative, aiming to promote healthy lifestyles, with a 
particular focus on a healthy lifestyle friendly environment6. 

In China, 920 million people lived in urban areas and 733 million were 
employed7. These employed and lived in very high HDI regions and in ur-
ban areas often have greater financial power to afford unhealthy behav-
iors. Meanwhile, the fast-paced life, high work demand, extended working 
hours, job insecurity, and commuting difficulties made it difficult for peo-
ple to adopt a healthy lifestyle [34]. In our study men had significant lower 
rate of adopting healthy lifestyles compared to women, indicating that sex 
imbalance in social role might adversely affect men’s engagement in 
healthy lifestyles in China. Therefore, in addition to promoting health liter-
acy, building a more supportive working and living environment is also es-
sential in facilitating healthy lifestyle, such as creating healthy canteens, 
corporate gyms, and discouraging alcohol-based socializing.  

All study participants were smartphone users who completed online 
surveys, the findings may not be generalizable to non-smartphone users 
in China, especially older adults. We reported age-standardized rates to 
address the concerns that majority of our study population were under 60 
years old. In this study, takeaways, which included healthy and unhealthy 
options, were used to replace ultra-processed food, might introducing 
potential misclassification. Although the relationship between 2018 
WCRF/AICR recommendations and cancer risk among Chinese popula-
tion remains to be explored, targeted strategies should be implemented 
to increase the rate of healthy lifestyle in adherence to the 2018 
WCRF/AICR recommendations to reduce the cancer burden in China, 
which accounted for about one fourth of the world’s newly diagnosed can-
cer cases in 2022 [2]. 

 
Challenges in primary cancer prevention in China 
The observed low prevalence of healthy lifestyles related to cancer 

prevention among the Chinese population suggests existing challenges 
in primary cancer prevention. Lack of health knowledge and awareness, 
as well as health misinformation and disinformation are the most signifi-
cant barriers to making informed healthy lifestyle choices. Despite in-
creasing access to information, health education and health literacy re-

6 The National Health Commission of the People’s Republic of China. Notice on the Implementation Plan for the "Weight Management Year" Activity. (in Chinese). Ac-
cessed 16.02.2025. http://www.nhc.gov.cn/ylyjs/pqt/202406/b4f7141179504bd69d7a18db6d877f47.shtml 

7 Chinese National Bureau of Statistics. China Statistical Yearbook 2023. Beijing: China Statistics Press; 2023. Accessed 16.02.2025. https://www.stats.gov. 
cn/sj/ndsj/2023/indexeh.htm



�� The BRICS Health Journal                                                                                                                                                                                          2025; 2 (1)

main limited in many communities, making it difficult for these popula-
tions to make informed decisions about their health. On the other hand, 
rising social media usage, combined with anxiety and fear of cancer 
among the general population, has fueled the spread of a range of mis-
leading claims about cancer prevention, which can probably lead people 
to disregard evidence-based preventive behaviors in favor of lifestyles 
endorsed by influencers, downplay the importance of mental health is-
sues, and promote unregulated supplements [35]. Therefore, there is an 
urgent need to establish an authoritative evidence-based information 
dissemination platform for cancer risk factors and preventive intervention 
measures to convey the facts in a way that leaves no room for misunder-
standing and to enhance the correct understanding of healthy lifestyles 
for cancer prevention among the Chinese population. Since barriers to 
adopting a healthy lifestyle may vary depending on personal characteris-
tics, sociocultural background, and environmental factors, the dissemina-
tion of healthy lifestyle information should also be tailored to each individ-
ual [36]. 

Lack of motivation is another major challenge to adopting and sticking 
to healthy lifestyles. Many people feel overwhelmed by the thought of 
starting healthy behaviors, especially those who have failed in past at-
tempts to change and stick with such behaviors. This frustration can lead 
to procrastination and avoidance, making it more difficult to take the first 
step toward a healthier lifestyle. In addition, motivation may wane over 
time, particularly if the immediate effects on health are not evident. 
Therefore, when promoting healthy lifestyles to the general population, 
appropriate theoretical models should be applied to attract those unmoti-
vated people who are difficult to reach with traditional health promotion 
activities, cultivate their motivation for action, and increase their accept-
ance and persistence of healthy behaviors [37]. 

The Chinese population is diverse in terms of ethnicity, cultural back-
ground, geographic region, and socioeconomic status. These diversities 
are not only related to whether individuals actively choose a healthy 
lifestyle, but also to the objective accessibility of a healthy lifestyle. Mobile 
technology plays an increasingly important role in promoting healthy 
lifestyles as its low cost and multifunctionality make health resources 
more affordable and distributed more equitably. Mobile health (mHealth) 
provides easy access to information on diet and nutrition, guidance and 
assistance for training and exercise, and tracking and monitoring physical 
activity, food consumption, sleep, and phycological measurements (e.g., 
heart rate, blood pressure, and blood sugar), so wider use of mHealth 
should be encouraged to assist health promotion efforts [36]. 

 
New initiatives in primary cancer prevention in China 
In 2016, China released the “Healthy China 2030” national strategic 

plan, which identified national health as a development priority and re-
flected China’s commitment to participating in global Health governance 
and implementing the United Nations 2030 Agenda for Sustainable De-
velopment8 [38]. Under the framework of the “Healthy China Action Plan 
2019-2030”, the State Council of China issued two versions of the 
Healthy China Action – Cancer Prevention and Control Implementation 
Plan in 2019 and 2023, respectively. These national strategies empha-
sized reducing exposure to cancer risk factors to prevent cancer. In line 
with the national policies and promoting healthy lifestyles for primary can-

8 United Nations. Transforming our world: the 2030 Agenda for Sustainable Development. Accessed 17.02.2025. https://sdgs.un.org/2030agenda
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cer prevention, the National Cancer Center of China (NCC China) devel-
oped China Code Against Cancer (CCAC) and the SmartHMDP-PCP. 

 
China Code Against Cancer 
To inform the general public about evidence-based behaviors that can 

be taken to reduce cancer risk, NCC China published the CCAC 2025 ver-
sion and established the CCAC official website (https://ccacdcpc.org.cn/) 
as an authoritative communication platform for cancer-related health in-
formation. The CCAC was drafted under the general framework of the 
World Code Against Cancer Framework proposed by the International 
Agency for Research on Cancer, which was aimed to encourage countries 
and regions to develop regional codes against cancer according to their 
local characteristics [39]. 

The CCAC 2025 version includes 15 action-based recommendations 
to guide the public to adopt healthy lifestyles, avoid or reduce exposure to 
carcinogenic agents, and participate in vaccinations, aiming to reduce an 
individual’s risk of developing or dying from cancer. The CCAC is pre-
sented in Supplement B (supplementary materials on the journal website 
https://doi.org/10.47093/3034-4700.2025.2.1.38-52-annex-b). All the rec-
ommendations were developed in accordance with the following princi-
ples: 1) based on strong scientific evidence, balancing risks and benefits, 
and posing no additional risks to individuals when implemented; 2) 
broadly applicable to the general Chinese population without requiring 
any prerequisites or expertise; 3) taking into account the spectrum of 
cancer burden in China, the cultural practices of different populations, 
and the distribution of healthcare services; and 4) able to be clearly and 
concisely communicated in simple, instructive language that is easy for 
the public to understand and follow. 

 
Smart Health Management Digital Platform  
for Primary Cancer Prevention 
The NCC China has also developed a smartphone health applet, the 

SmartHMDP-PCP, to address the challenge of lacking an effective mecha-
nism to attract people to actively adopt and adhere to a healthy lifestyle. The 
SmartHMDP-PCP can serve as an innovative solution to provide a cost-ef-
fective approach for personalized cancer prevention interventions and offer 
sustainable incentives for the public to engage in healthy lifestyles. 

The SmartHMDP-PCP is powered by mobile technology, data sci-
ence, and personalized intervention strategies. It runs in the WeChat en-
vironment. People can use the applet to 1) assess their risk of develop-
ing 19 types of cancer, including the cancers of the brain, head and 
neck, thyroid, lung, esophagus, stomach, liver, pancreas, colorectum, 
kidney, bladder, female breast, ovaries, endometrium, cervix, and 
prostate, as well as leukemia, Hodgkin lymphoma, and non-Hodgkin 
lymphoma; 2) track and archive their long-term exposure to behavioral, 
environmental, social, psychological, medical, and metabolic factors; 
and 3) obtain personalized intervention strategies for healthy lifestyles 
to reduce their cancer risk. 

The SmartHMDP-PCP has multiple advantages in healthy lifestyle as-
sistance and primary cancer prevention. This applet is based on smart 
mobile devices and commonly used social software, so it can be easily 
accessed and used in daily life. Given the continued development of mo-
bile technology and the increasing number of mobile technology users, 
the impact of such mHealth interventions is likely to expand further. In ad-
dition, the highly cost-effective nature of mHealth interventions enables 
them to be widely disseminated to different socioeconomic groups with-
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out geographical restrictions, which can to some extent reduce potential 
inequalities in the distribution and access to health resources among 
large and diverse populations. Real-time assessment and early warning 
of future cancer risks, as well as interactive systems for reporting cancer-
related exposures and targeted preventive interventions, can potentially 
improve user engagement and compliance. The personalized health edu-
cation and cancer prevention interventions provided by SmartHMDP-PCP 
achieved two-stage behavior changes by promoting health cognition and 
reducing action barriers, respectively. There is evidence that health inter-
ventions based on both cognitive and proactive phases of behavior 
change are more effective than interventions based on either phase 
alone [40]. In addition, personalized health information and intervention 
strategies are more likely to increase individual engagement and trigger 
central persuasion pathways, leading to a stable motivational effect dur-
ing application [40]. The SmartHMDP-PCP also used the health belief 
model and protection motivation theory to further enhance the effect of 
behavior change. The cancer risk early warning system can serve as a 
threat trigger to motivate individuals to take actions to promote health 
and prevent cancer. The engagement and retention of SmartHMDP-PCP 
users are also key factors in achieving a long-term and sustainable 
healthy lifestyle, as significant health effects require a certain level inten-
sity and persistence of intervention. 

In conclusion, there are variations of healthy lifestyles adoption rates 
among the contemporary Chinese population. CCAC provides an authori-
tative platform for disseminating evidence-based information, and 
SmartHMDP-PCP provides novel approaches for individualized primary 
cancer prevention, putting national policies into practice. Further imple-
mentation and continuous evaluation and updating are necessary to 
achieve optimistic adoption rates of healthy lifestyles. 
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ABSTRACT  
Diabetes mellitus is a global health challenge, particularly in low-income re-
gions, leading to severe complications. Plant-derived alkaloids offer poten-
tial as alternatives to conventional therapies. This study evaluated 31 alka-
loids for antidiabetic drug development through molecular docking, phar-
macokinetics, and drug-likeness analyses. Four standard drugs (epalrestat, 
metformin, acarbose, glibenclamide) and four targets (aldose reductase, 
adenosine monophosphate-activated protein kinase, α-glucosidase, pro-
tein tyrosine phosphatase 1B) were used for computational simulations.  
Molecular docking revealed that alkaloids mahanimbine (-11.5 kcal/mol), 
echinulin (11.3 kcal/mol), coptisine (-10.9 kcal/mol), and groenlandicine  
(-9.7 kcal/mol) have substantial binding affinities against aldose reduc-
tase compared to epalrestat (-9.3 Kcal/mol).  In contrast to metformin  
(-4.8 kcal/mol), coptisine, echinulin, sanguinarine, and groelandicine 
showed superior binding affinities against adenosine monophosphate-
activated protein kinase.  In comparison to acarbose (-8.4 Kcal/mol), cop-
tisine (-9.7 Kcal/mol), sanguinarine (-9.3 Kcal/mol), mahanimbine (-8.9 
Kcal/mol), and echinulin (-8.9 Kcal/mol) demonstrated better docking 
scores against α-glucosidase. Jatrorrhizine, coptisine, sanguinarine, ma-
hanimbine and echinuline respectively demonstrated higher binding 
scores of 8.8, -7.5, -7.5 and -7.2 Kcal/mol against protein tyrosine phos-
phatase 1B than glibenclamide (-7.0 Kcal/mol). Most alkaloids adhered to 
Lipinski’s rule, except casuarine 6-O-α-glucoside and conophylline. Phar-
macokinetics identified pinoline as highly bioavailable and central nerv-
ous system penetrant, while conophylline had poor bioavailability. 
The study concluded that alkaloids including mahanimbine, echinulin, 
coptisine, groenlandicine, sanguinarine, and jatrorrhizine show strong 
binding affinities and favorable pharmacokinetic properties, requiring fur-
ther in vitro and in vivo studies for therapeutic validation 
 
Key Words: Diabetes mellitus, molecular docking, alkaloids, pharmacoki-
netics, antidiabetic therapy 
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Introduction 
 
Diabetes mellitus (DM) is a chronic condition characterized by ele-

vated blood glucose levels resulting from either insulin deficiency (Type 1) 
or insulin resistance (Type 2). DM has become a significant global health 
issue, affecting approximately 463 million people worldwide in 2019, with 
numbers expected to rise substantially in the coming decades [1]. The im-
pact is particularly severe in low- and middle-income countries, where a 
significant portion of adults with diabetes reside [2, 3]. The incidence of 
diabetes has sharply increased in Africa, where healthcare systems are 
often overstretched, and the World Health Organization (WHO) has la-
beled it a “silent killer” [4]. In countries like Ethiopia, diabetes prevalence 
is also on the rise, exacerbating the challenges for healthcare systems, 
particularly due to the growing number of untreated cases [5]. Diabetes 
leads to a wide range of both acute and chronic complications, severely 
affecting quality of life [6]. Chronic hyperglycemia can result in microvas-
cular complications (e.g., retinopathy, nephropathy, and neuropathy) as 
well as macrovascular problems, such as cardiovascular disease. 

The primary treatment options for DM currently include insulin therapy, 
oral hypoglycemic drugs such as metformin, sulfonylureas, and thiazo-
lidinediones, as well as newer medications like sodium-glucose co-trans-
porter 2 (SGLT-2) inhibitors and glucagon-like peptide-1 (GLP-1) receptor 
agonists [7]. While these treatments are effective in controlling blood glu-
cose levels and reducing the risk of complications, they are not without 
limitations. Prolonged use of insulin and oral hypoglycemics can lead to 
undesirable side effects, including weight gain, hypoglycemia, and gas-
trointestinal issues1. Additionally, the cost and accessibility of these treat-
ments pose significant challenges, particularly in resource-limited re-
gions like Sub-Saharan Africa, where the prevalence of diabetes is  in-
creasing [8]. 

Diabetes results from β-cell failure and insulin resistance, affecting 
critical processes like insulin secretion and carbohydrate absorption [9]. 
Key proteins such as glucokinase, adenosine monophosphate-activated 
protein kinase (AMPK), and 11β-hydroxysteroid dehydrogenase are in-
volved in diabetes development [10]. While conventional treatments like 
anti-diabetic drugs and lifestyle changes are available, they often come 
with side effects and questionable efficacy. As a result, there is growing 
interest in natural products, particularly plant-derived compounds such 
as alkaloids, flavonoids, and glycosides, known for their therapeutic po-
tential in managing diabetes [11]. Alkaloids, in particular, have shown 
promise in improving glucose metabolism, insulin sensitivity, and oxida-
tive stress management [12, 13]. 

The search for natural product-derived molecules for diabetes treat-
ment has led to an increasing focus on medicinal plants and their bioac-
tive constituents [14, 15]. Computational drug discovery has become a vi-
tal tool in identifying and optimizing small molecules, enabling the predic-
tion of drug-target interactions. These methods are crucial for diabetes 
management, as they help identify compounds that can regulate blood 
sugar levels effectively [16]. Molecular modeling and virtual screening 
techniques have revolutionized drug discovery, making it possible to effi-
ciently evaluate large numbers of compounds for their therapeutic poten-
tial [16].  
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Recent advancements in computational approaches, such as protein-
ligand docking and absorption, distribution, metabolism, excretion, and 
toxicity (ADMET) property prediction, are accelerating drug development. 
The incorporation of ADMET analysis early in the discovery process helps 
predict the pharmacokinetic and toxicity profiles of compounds, reducing 
the risk of clinical failure [17, 18]. This study aims to conduct molecular 
docking and analyze the pharmacokinetic properties, drug-likeness, and 
toxicity profiles of selected alkaloids based on their lethal dose (LD50) 
values and anti-diabetic potential. 

 
Materials and methods 
 
Alkaloids selection  
Scientific studies have shown that alkaloids exhibit pharmacological 

activity against type 2 diabetes mellitus (T2DM) [19]. Alkaloids such as 
berberine, catharanthine, vindoline, and vindolinine have been reported 
for their anti-hyperglycemic effects [19, 20]. The selection criteria for mo-
lecular docking study against T2DM targets included alkaloids with docu-
mented in vitro and in vivo glucose antidiabetic activity, inhibitory potential 
against the selected targets, and interactions with other key T2DM-re-
lated targets. The antioxidant properties of the compounds were also 
considered [21]. The alkaloids of plant origin [19, 21-36] selected for the 
current computational study was indicated below (Fig. 1). 

 
Selection of target proteins and standard drugs  
Target proteins and standard drugs were selected based on their es-

tablished roles in glucose metabolism and diabetes management, as well 
as their recognition in treatment guidelines. These targets were chosen 
for their diverse mechanisms of action, allowing for a multifaceted ap-
proach to diabetes treatment. AMPK is a key regulator of cellular energy 
homeostasis, and its activation by metformin, a first-line therapy recom-
mended by the American Diabetes Association and WHO guidelines, pro-
motes enhanced glucose uptake and fatty acid oxidation, improving in-
sulin sensitivity [37]. Aldose reductase, involved in diabetic complications, 
is targeted by epalrestat to reduce sorbitol accumulation [38]. Alpha-glu-
cosidase is inhibited by acarbose, a drug recommended for its efficacy in 
slowing carbohydrate absorption and mitigating glucose spikes [39]. 

 
Protein preparation 
Protein preparations were performed following established protocols 

[40]. The crystal structures of selected human target proteins were re-
trieved from the Research Collaboratory for Structural Bioinformatics 
(RCSB) Protein Data Bank (PDB) (https://www.rcsb.org/): aldose reductase 
(PDB ID: 2R24), alpha glucosidase (PDB ID: 8YIE), AMPK (PDB: 4YEE), and 
protein tyrosine phosphatase 1B (PDB ID: 7LEO). The 3D crystal structures 
were imported into Biovia Discovery Studio Visualizer 2021, where water 
molecules, heteroatoms, and any complexes bound to the receptor mol-
ecules were removed. For site-specific molecular docking, ligand groups 
were selected from the co-crystallized protein structures, defined, and 
binding sites identified by extracting the x, y, and z coordinates from the 
structure-based design site spheres. Active sites were determined by an-
alyzing the binding interactions between ligands and receptors with mo-
lecular docking performed at the active sites of the prepared proteins. 
The grid box was created using a docking simulation with dimensions of 
40x40x40 Å along the x, y, and z axes, respectively, and a grid point 
spacing of 0.375 Å. The dimensions of the structure-based design site 
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sphere for each target protein are listed in Table, with corresponding x, y, 
and z values. Finally, polar hydrogens were added to ensure proper ion-
ization of the amino acid residues. 

 
Ligand preparation 
The 2D chemical structures of selected alkaloids and standard drugs 

were retrieved from the pubchem database and downloaded in PDB for-
mat. Alkaloids whose 2-D structures were not retrieved from the PUB-
CHEM were generated using the ChemOffice tool (ChemDraw 16.0), and 
the files were subsequently converted to PDB format using the Open Ba-
bel toolbox. These structures were then converted into three-dimensional 
forms, with polar hydrogens and charges at physiological pH 7.4 added. 
Energy minimization and optimization were performed using the Merck 
Molecular Force Field 94 (MMFF94) force field in ChemBio3D Ultra 13.0 
(PerkinElmer, 2011) with the molecular modeling algorithm. Additionally, 
Gasteiger charges were assigned to the three-dimensional ligand struc-
tures, and the files were converted to pdbqt format using AutoDock Tools. 
The energy minimization process was continued until the root mean 
square deviation (RMSD) gradient reached 0.01 kcal/mol, ensuring that 
the structures achieved their lowest energy conformations. Once mini-
mized to their lowest energy states, the ligand molecules were saved in 
PDB format. These minimized ligands were then used as input for 
AutoDock Vina to perform molecular docking simulations, assessing their 
binding affinity and interactions with the target proteins [40-42]. 

 
Molecular docking  
Molecular docking predicts the binding affinity of ligand molecules by 

assessing protein-ligand interactions and estimating the scoring function 
based on geometry. Computational molecular docking studies were per-
formed to investigate the binding patterns of selected alkaloids (Figure 1), 
along with the crystal structures of the chosen target proteins. The crystal 
structures of the human target proteins – aldose reductase (PDB ID: 
2R24), alpha glucosidase (PDB ID: 8YIE), AMPK (PDB: 4YEE), and protein 
tyrosine phosphatase 1B (PDB ID: 7LEO) – were retrieved from the RCSB 
Protein Data Bank (https://www.rcsb.org/). Using AutoDock Vina 4.2.6 
(MGLTools 1.5.7), a software suite in the Discovery Studio 2021 Client (a 
program for interactive visualization and analysis of molecular structures 
and related data), the interactions and binding affinities of the ligands with 
the selected target proteins were evaluated. Binding affinity was explored 
using the View Dock tool. The final results were analyzed and visualized 
using Discovery Studio 2021 Client, with bound ligands as the standard. 
Visualization of protein-ligand interactions reveals the number of interac-
tions and the active residues responsible for significant binding at the ac-
tive sites of the selected targets [42]. Epalrestat, glibenclamide, met-
formin, and acarbose were used as standards. 
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Table. Grid-box coordinates for all targets.

Targets x-dimension y-dimension z-dimension x-center y-center z-center

2R24 40 40 40 16.618583 -7.134417 15.260125

4YEE 40 40 40 80.858534 -5.804455 12.281989

8YIE 40 40 40 -37.153167 32.035500 -4.817833

7LEO 40 40 40 -1.942455 -0.591773 56.110909



Drug-likeness and ADMET prediction 
SwissADME (http://www.swissadme.ch/) web servers were used to 

predict the drug-likeness and ADME profiles of the selected alkaloids, 
while toxicity analysis was conducted using the ProTox-II web server 
(http://tox.charite.de/protox_II). The predicted drug-likeness and ADMET 
profiles of the compounds were obtained by uploading the simplified mo-
lecular-input line-entry system formats of each alkaloid's structure to the 
respective web servers [43-45].  

 
Results and Discussion 
 
Drug likeness properties and ADMET  
The failure rate in drug development across preclinical to clinical 

stages exceeds 90%. Even among drug candidates that successfully 
complete clinical trials, approximately 90% face failure in later stages 
[46]. Contributing factors to clinical trial failures include suboptimal phar-
macokinetic profiles, lack of clinical efficacy, unmanaged toxicity, and 
poor drug-like properties. Among these, the most critical issue arises 
from the failure of investigational drugs in late-stage clinical develop-
ment. Therefore, it is essential to evaluate the ADMET properties early in 
the drug development process to mitigate these risks [47].  Currently, nu-
merous available in silico drug-likeness and ADMET prediction tools sup-
plement experimental data and are becoming increasingly indispensable 
in the context of efforts to minimize animal testing [48, 49].  

Physicochemical properties are critical parameters that influence both 
the pharmacodynamics and pharmacokinetic profiles of drug candidates. 
In this study, Lipinski's and Veber’s rules were employed to evaluate the 
drug-likeness properties of the selected alkaloids. According to this rule, a 
molecule is considered drug-like if its molecular weight (MW) is < 500 Da, 
the number of hydrogen bond donors (HBD) is <5, the number of hydrogen 
bond acceptors (HBA) is <10, and the octanol-water partition coefficient 
(Log P) is <5. Compounds that do not violate more than two of these pa-
rameters are deemed to possess drug-like properties [50]. Molecules that 
violate fewer than two criteria are expected to demonstrate favorable gas-
trointestinal absorption. In this study, casuarine 6-O-α-glucoside and 
conophylline, violate Lipinski’s Rule of Five. It is important to note that Lipin-
ski’s rule is not applicable to amino acids and sugars. Although casuarine 
6-O-α-glucoside does not adhere to Lipinski’s Rule of Five, it contains a 
sugar moiety, which facilitates its absorption upon oral administration. This 
underscores that the Lipinski Rule of Five is not an absolute criterion, and 
drug discovery should extend beyond these parameters [51, 52]. One of the 
key molecular descriptors in Lipinski’s Rule is molecular weight. According 
to the rule, compounds with a molecular weight greater than 500 Da are 
less likely to traverse the paracellular pores of the intestinal epithelium. All 
alkaloids, except for conophylline (MW = 794.89 Da), possess an accept-
able molecular weight for potential bioavailability. 

Lipophilicity is a crucial physicochemical parameter in the development 
of new drug entities, as it significantly influences drug-likeness properties 
and the pharmacokinetic profile. It is one of the key factors in Lipinski’s 
Rule of Five [53]. All alkaloids included in this study exhibit optimal MlogP 
values (less than 4.5) or ClogP values below 5, indicating that these com-
pounds possess favorable lipophilicity. Furthermore, lipophilicity plays a 
significant role in the binding affinity of these alkaloids to receptors at the 
drug's target site, as many receptors are inherently lipophilic [54]. 

While lipophilicity plays a critical role in the pharmacokinetic profile of 
a drug, it is essential that a new drug entity does not exhibit excessive 
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lipophilicity. Highly lipophilic compounds may have poor solubility in the 
gastrointestinal tract (GIT), thus hindering absorption [55]. An ideal drug 
entity demonstrates optimal absorption when there is a balanced hy-
drophilic-lipophilic balance, meaning the compound should possess suf-
ficient lipophilicity to permeate biological membranes while remaining 
polar enough to dissolve in the GIT. 

Solubility characteristics are classified as insoluble when the value is 
more negative than -10. The solubility ranges from poorly soluble to highly 
soluble, with values between -10 and 0 indicating varying degrees of solu-
bility. Poorly soluble compounds exhibit values between -10 and -6, mod-
erately soluble compounds range from -6 to -4, soluble compounds fall 
between -4 and -2, very soluble compounds are in the range of -2 to 0, 
and highly soluble compounds have values greater than 0. In this study, 
all alkaloids exhibit acceptable solubility, with the exception of mahanim-
bine, echinulin, and conophylline, which display poor water solubility. To 
further evaluate drug-likeness and oral bioavailability, Veber’s Rule is em-
ployed. This rule predicts the drug-likeness and oral bioavailability of new 
drug entities by considering the number of rotatable bonds and topologi-
cal polar surface area (TPSA) as key determinants. 

With respect to TPSA, Veber and colleagues suggest that for optimal 
oral bioavailability, compounds should have a TPSA of ≤140 Å² [56]. Mole-
cules exceeding this threshold are generally considered less favorable as 
drug candidates due to poor absorption and distribution characteristics. 
The TPSA values of most alkaloids in this study fall within the acceptable 
range, indicating their druggability. However, three compounds – cryp-
tolepine (17.82 Å²), casuarine 6-O-α-glucoside (183.54 Å²), and conophylline 
(163.82 Å²) violate Veber's rule with respect to this molecular descriptor. The 
presence of polar functional groups plays a crucial role, not only in deter-
mining the pharmacokinetic profile but also in influencing the pharmacody-
namic properties of drug-like molecules. These polar functional groups in-
teract with receptor residues, which are critical for effective binding [57].  

The second key variable in Veber’s rule is the number of rotatable 
bonds (NRB), which reflects a compound’s flexibility. A compound is pre-
dicted to have favorable oral bioavailability if its NRB does not exceed 10, 
as excessive flexibility may hinder absorption [56]. All selected alkaloids 
possess fewer than 10 rotatable bonds, suggesting favorable bioavailabil-
ity. As the number of rotatable bonds increases, however, toxicity risks 
also rise as excessive flexibility allows a compound to adopt multiple con-
formations, increasing its potential to bind with various receptors [56, 58].  

 
Molecular Docking 
Molecular docking analysis of various alkaloids against aldose reduc-

tase (PDB: 2R24) revealed a range of binding affinities and represented in 
Supplement A (supplementary materials on the journal website 
https://doi.org/10.47093/3034-4700.2025.2.1.53-68-annex-a). The most 
promising candidates, mahanimbine and echinulin, exhibited strong 
docking scores of -11.5 kcal/mol and -11.3 kcal/mol, respectively, suggest-
ing that these alkaloids form stable interactions with this enzyme and are 
potential inhibitors of it.  Coptisine (-10.9 kcal/mol) and berberine (-9.5 
kcal/mol) also demonstrated potent binding affinities, aligning with their 
previously reported bioactivity against aldose reductase, making them 
suitable for further exploration as therapeutic agents. Moderate binding 
affinity was observed for standard medication epalrestat (-9.3 kcal/mol) 
and alkaloids harmane (-9.3 kcal/mol) and sanguinarine (-8.8 kcal/mol), 
suggesting potential aldose reductase inhibitors with less potency, po-
tentially contributing to therapeutic strategies.  Weaker docking scores 
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were recorded for alkaloids such as galegine (-5.8 kcal/mol), vindoline  
(-5.8 kcal/mol), and lupinine (-5.8 kcal/mol), which showed the least favor-
able interactions with aldose reductase. Despite their lower binding affin-
ity, these compounds could still hold therapeutic potential, possibly in 
combination therapies or as adjuncts to more potent inhibitors. Overall, 
the study highlights the diverse binding profiles of alkaloids, with mahan-
imbine, echinulin, and coptisine being the most promising candidates for 
further investigation as aldose reductase inhibitors, while moderate and 
weaker binders may still be valuable in specific therapeutic contexts. 

The molecular docking analysis of various ligands against AMPK (PDB: 
4YEE), represented in Supplement B (supplementary materials on the jour-
nal website https://doi.org/10.47093/3034-4700.2025.2.1.53-68-annex-b), 
revealed a range of binding affinities, suggesting differences in their po-
tential to interact with the enzyme’s active site. Among the most promis-
ing compounds, coptisine exhibited the highest docking score of -10.1 
kcal/mol, indicating a strong binding affinity to AMPK. Other notable high-
affinity ligands included sanguinarine (-9.5 kcal/mol), groenlandicine (-9.4 
kcal/mol), and echinulin (-9.7 kcal/mol), which also showed robust binding 
interactions, positioning them as potential candidates for further investi-
gation in the development of AMPK-targeted therapies.  

Alkaloids such as vindolinine (-7.6 kcal/mol), physostigmine  
(-7.3 kcal/mol), harmane (-7.5 kcal/mol), and jatrorrhizine (-8.8 kcal/mol) ex-
hibited binding affinity, suggesting they may be useful in modulating 
AMPK activity. Pinoline (-6.7 kcal/mol) and berberine (-8.3 kcal/mol) also 
demonstrated moderate affinity, indicating that these compounds may 
still have potential as AMPK modulators, potentially in combination with 
other agents to enhance therapeutic outcomes. These findings highlight 
the broader potential of these alkaloids in regulating AMPK activity and 
warrant further investigation. 

Metformin exhibited a docking score of -4.8 kcal/Mol, which is lower than 
the tested alkaloids though metformin has been extensively studied and 
demonstrated to activate AMPK in vivo through mechanisms not solely re-
liant on direct binding affinity. The modest docking score reflects the com-
plexity of metformin’s action, which involves multiple pathways, including in-
hibition of mitochondrial complex I and alteration of cellular energy status, 
rather than a direct, strong binding interaction with the AMPK active site. 
Therefore, despite the lower docking score, metformin remains a valuable 
therapeutic agent, and its clinical efficacy in AMPK activation supports its 
continued use and exploration in metabolic disease management. Overall, 
this study identified coptisine, sanguinarine, and echinulin as the most prom-
ising candidates for AMPK modulation, while metformin’s weaker binding 
score does not diminish its established therapeutic relevance in clinical 
practice. 

Molecular docking analysis of various ligands against alpha-glucosidase 
(PDB: 8YIE), represented in Supplement С (supplementary materials on the 
journal website https://doi.org/10.47093/3034-4700.2025.2.1.53-68- 
annex-c), revealed a broad spectrum of binding affinities, reflecting the po-
tential of different compounds as inhibitors of this enzyme. Among the al-
kaloids studied, coptisine exhibited the highest docking score of -9.7 
kcal/mol. Conophylline (-9.5 kcal/mol), sanguinarine (-9.3 kcal/mol), mahan-
imbine (-8.9 kcal/mol), and echinulin (-8.9 kcal/mol), showed promising 
docking scores.  

Other alkaloids demonstrated moderate binding affinities to alpha-
glucosidase, with docking scores ranging from -7.0 to -8.7 kcal/mol. 
These include radicamine A (-8.7 kcal/mol), acarbose (-8.4 kcal/mol), 
groenlandicine (-8.6 kcal/mol), berberine (-8.5 kcal/mol), and piperumbel-
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latm A (-8.5 kcal/mol). These compounds exhibited favorable binding, in-
dicating their potential as moderate alpha-glucosidase inhibitors. Acar-
bose, a known alpha-glucosidase inhibitor used in clinical practice, shows 
a docking score of -8.4 kcal/mol, which aligns with its established thera-
peutic effect, validating the docking results. 

Some compounds showed weaker docking scores, suggesting less 
effective binding to alpha-glucosidase. These include radicamine B (-5.5 
kcal/mol), galegine (-4.9 kcal/mol), and lupinine (-5.3 kcal/mol), which 
demonstrated the least favorable interactions with the enzyme. Although 
these compounds exhibited weaker binding, their potential utility might lie 
in other therapeutic contexts or in combination therapies with stronger in-
hibitors. Additionally, the lower binding affinities observed in these com-
pounds may be attributed to factors such as weaker molecular interac-
tions or alternative mechanisms of action that were not captured by the 
docking analysis alone. 

Molecular docking of various ligands against protein tyrosine phos-
phatase 1B (PDB:7LEO), represented in Supplement D (supplementary ma-
terials on the journal website https://doi.org/10.47093/3034-
4700.2025.2.1.53-68-annex-d), revealed varying degrees of binding affinity. 
Jatrorrhizine, coptisine, sanguinarine, mahanimbine, and echinulin, all with 
strong binding properties, are promising alkaloids for further investigation 
in managing type 2 diabetes. They may offer valuable therapeutic potential 
in regulating postprandial glucose levels through protein tyrosine phos-
phatase 1B inhibition. The alkaloids radicamine A (-6.6 kcal/mol), 
radicamine B (-5.5 kcal/mol), vindolinine (-6.3 kcal/mol), and groenlandicine 
(-6.8 kcal/mol) displayed moderate binding, suggesting potential in combi-
nation therapies or glucose regulation adjuncts. Weaker docking scores 
were observed for galegine, tecostanine, and capsaicin, indicating less fa-
vorable interactions with this protein.  

Comprehensive analysis of the drug likeness and ADMET prediction 31 
alkaloids, represented in Supplement E https://doi.org/10.47093/3034-
4700.2025.2.1.53-68-annex-e), revealed favorable characteristics for 
drug development among which coptisine, sanguinarine, and jatrorrhizine 
exhibited promising drug-like properties, including optimal molecular 
weight, moderate lipophilicity, and strong hydrogen bonding potential. 
These compounds are well-suited for further development as alpha-glu-
cosidase inhibitors. The bioavailability score of all alkaloids, represented 
in Supplement F (supplementary materials on the journal website 
https://doi.org/10.47093/3034-4700.2025.2.1.53-68-annex-f), except ca-
suarine 6-O-α-glucoside and conophyline, was consistently 0.55, sug-
gesting moderate systemic availability [59].  

Cryptolepine, jatrorrhizine, and epiberberine have been identified as 
CYP450 inhibitors, particularly targeting CYP3A4 and CYP1A2, which may 
influence the metabolism of co-administered drugs. In contrast, com-
pounds such as palmatine, pinoline, and radicamine A were found to ex-
hibit minimal interactions with major cytochrome P450 enzymes, making 
them favorable in terms of lower drug-drug interaction risks. The blood-
brain barrier (BBB) permeant data suggested that harmane and san-
guinarine can cross BBB. Although for antidiabetic applications, this may 
not be relevant unless central nervous system (CNS) effects are desired. 
Alkaloids with high gastrointestinal absorption, moderate lipophilicity, and 
minimal metabolic interference such as vindolinine, coptisine, and san-
guinarine present the most promise.  

Gastrointestinal absorption and brain access are two pharmacokinetic 
behaviors crucial to estimate at various stages of the drug discovery 
processes. To this end, the Brain Or IntestinaL Estimate D permeation 
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method (BOILED-Egg) is proposed as an accurate predictive model that 
works by computing the lipophilicity and polarity of small molecules. In 
this study, seven alkaloids were selected based on their binding affinity 
and pharmacokinetic property. Mahanimbine, found at the border of the 
egg white (white eclipse), is likely hydrophilic, which suggests limited BBB 
penetration. This positioning indicates that mahanimbine may exert its ef-
fects peripherally. Echinulin, positioned at the boundary between the yolk 
and the egg white (yolk eclipse), appears to have a dual solubility profile, 
allowing it to interact with both aqueous and lipid environments. This sug-
gests that echinulin may have the potential to cross the BBB due to its 
ability to interact with lipid-rich membranes. Sanguinarine, jatrorhizine, 
groenlandicine, coptisine, and pinoline, located predominantly in the 
lipid-rich yolk are lipophilic, are able to cross BBB and GIT. Their lipophilic 
nature positions them as promising agents for both central and periph-
eral therapeutic effects in the management of diabetes (Fig. 2). 

The in silico toxicity analysis of the selected compounds, repre-
sented in Supplement G (supplementary materials on the journal web-
site https://doi.org/10.47093/3034-4700.2025.2.1.53-68-annex-g), pro-
vided valuable insights into their potential toxicological risks, highlight-
ing critical safety considerations for their future applications. The data 
included predicted LD50 values, identifying various toxicity targets, such 
as enzymes, receptors, and physiological systems. Physostigmine and 
capsaicin, categorized as class 1 and class 2, respectively, exhibited low 
LD50 values (2 mg/kg and 47 mg/kg), indicating high toxicity and posing 
significant risks at low doses. These compounds require careful consid-
eration when exploring therapeutic applications, particularly in popula-
tions with sensitivities to neurotoxic or respiratory effects. In contrast, 
catharanthine and casuarine, classified as class 5, exhibited much 
higher LD50 values (2100 mg/kg and 3500 mg/kg), which suggest a rela-
tively safer profile, although other toxicological endpoints should still be 
examined. 
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Fig 2. Boiled egg model of selected alkaloids.



One of the most significant findings from the analysis was the exten-
sive prediction of interactions with specific toxicity targets, which 
helped to identify potential risks associated with the compounds. Cryp-
tolepine, vindolinine, and harman exhibited high probabilities for neuro-
toxicity, respiratory toxicity, and immunotoxicity suggesting that these 
compounds could adversely affect the nervous system, respiratory 
function, and immune response. Cryptolepine (Class 4, LD50=1190 
mg/kg) showed high probabilities for respiratory toxicity (0.98) and neu-
rotoxicity (0.87), underscoring its potential to cause organ damage at el-
evated doses. 

Neurotoxicity was a common concern across several compounds 
such as vindolinine, palmatine, and groenlandicine where interactions 
with neural pathways were predicted with high probabilities. The potential 
for CNS toxicity emphasizes the need for careful evaluation of these com-
pounds in neurological contexts. Further research is needed to investi-
gate these compounds' CNS effects and their ability to cross the BBB, as 
indicated by high BBB penetration probabilities. 

High probability for mutagenicity for harmane and norharmane sug-
gest these compounds may cause genetic damage, which could poten-
tially lead to cancerous growths. The long-term use of such compounds 
should be approached cautiously, particularly if they are to be considered 
for therapeutic purposes. Sanguinarine and capsaicin, with interactions at 
the estrogen receptor ligand binding domain and aromatase suggest the 
potential for disrupting hormone signaling pathways, which could lead to 
adverse effects in both male and female reproductive systems. Cryp-
tolepine, vindolinine, and magnoflorine were predicted to affect environ-
mental organisms with moderate to high probabilities. Given their poten-
tial to enter the ecosystem, either through waste, runoff, or environmental 
contamination, the environmental risks posed by these compounds 
should not be underestimated. Further studies are necessary to assess 
their biodegradability, persistence in the environment, and potential to 
accumulate in non-target organisms. 

In silico toxicity profiling of the alkaloids, has provided valuable predic-
tive information regarding their safety and potential risks. While some 
compounds showed promising safety profiles with higher LD50 values and 
lower toxicity target probabilities, others displayed significant toxicity 
risks that require further experimental validation. This analysis under-
scores the importance of combining computational toxicity predictions 
with in vivo studies to obtain a more comprehensive understanding of the 
risks associated with these compounds.  

 
Conclusion and recommendation  
 
The docking study indicated mahanimbine, echinulin, and coptisine in-

hibit aldose reductase, and сoptisine, sanguinarine, and echinulin signifi-
cantly modulate AMPK activity, regulate blood glucose levels. Similarly, the 
alkaloids coptisine, sanguinarine, and mahanimbine exhibited favorable 
binding against α-glucosidase and jatrorrhizine showing high binding affin-
ity for tyrosine phosphatase 1B. Pharmacokinetic evaluations also uncov-
ered most alkaloids conformed to Lipinski's Rule of Five, indicating favor-
able oral bioavailability, with some showing optimal lipophilicity. However, 
some alkaloids, mahanimbine, echinulin, and conophylline, showed poor 
water solubility, which may limit their clinical applicability and warrants fur-
ther optimization. Most compounds had favorable TPSA values.  

The pharmacokinetic evaluation indicated that pinoline exhibited ex-
cellent oral bioavailability and CNS penetration, while conophylline 
demonstrated poor bioavailability. Toxicity analysis identified cryptolepine 
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and vindolinine as high-risk compounds for neurotoxicity and hepatotoxi-
city, necessitating further investigation. Despite these concerns, several 
alkaloids demonstrated favorable ADMET profiles, positioning them as 
promising drug leads for diabetes treatment. Sanguinarine, jatrorhizine, 
groenlandicine, coptisine, and pinoline, located predominantly in the 
lipid-rich yolk part of the boiled egg model, suggesting these alkaloids are 
lipophilic, making them ideal candidates for BBB penetration and efficient 
GI absorption. 

Thus, further studies are recommended that mahanimbine, echinulin, 
coptisine, groenlandicine, sanguinarine, and jatrorrhizine be prioritized for 
further experimental studies, including in vitro and in vivo testing. These 
compounds demonstrated strong binding to key diabetes-related targets 
and exhibited favorable pharmacokinetic properties, making them viable 
candidates for antidiabetic drug development. The promising drug-like 
properties of these alkaloids suggest that they could serve as the founda-
tion for developing novel anti-diabetic therapies, offering alternative treat-
ment options for managing diabetes and its associated complications. 
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