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Abstract 
Objectives: This study aimed to develop healthcare data marketplace using blockchain-based B2C model that ensures the transaction of health
care data among individuals, companies, and marketplaces.
Materials and methods: We designed an architecture for the healthcare data marketplace using blockchain. A healthcare data marketplace 
was developed using Panacea, MySQL 8.0, JavaScript library, and Node.js. We evaluated the performance of the data marketplace system in 
3 scenarios.
Results: We developed mobile and web applications for healthcare data marketplace. The transaction data queries were executed fully within 
about 1-2 s, and approximately 9.5 healthcare data queries were processed per minute in each demonstration scenario.
Discussion: Blockchain-based healthcare data marketplaces have shown compliance performance in the process of data collection and will pro
vide a meaningful role in analyzing healthcare data.
Conclusion: The healthcare data marketplace developed in this project can iron out time and place limitations and create a framework for gath
ering and analyzing fragmented healthcare data.

Lay Summary 
We developed and evaluated a blockchain-based data marketplace for the transaction of healthcare data. Thus, the architecture of the health
care data marketplace has been designed. The data marketplace has developed a mobile application for personal data collection consent and a 
web application that allows individuals and companies to check the data collection process. We demonstrated 3 scenarios for data marketplace 
performance evaluation. It displayed compliance performance in the data collection process of the data marketplace. The data marketplace 
developed in this study will provide an opportunity to collect fragmented medical data and is expected to develop a framework for data collec
tion and analysis.
Key words: healthcare; blockchain; data marketplace; transaction; prototype. 

Introduction
The generation and accumulation of healthcare data have 
developed as a new field in the healthcare industry. The 
development of Internet of Things–based medical devices and 
applications has further accelerated this expansion.1–3 Medi
cal facilities and related companies are interested in health
care data because of its high value for the improvement of 
healthcare services, personalization of treatment, and preven
tion of disease made possible through data analysis.4–8 How
ever, when medical facilities and companies use healthcare 
data, individual consent must be obtained because individu
als have ownership of their healthcare data.9,10 Also, it is dif
ficult to collect healthcare data because the data are 

distributed and stored in different forms by different medical 
facilities. Further, it is difficult to compensate for data use 
due to the difficulty of evaluating individual data value. 
Transactions involving healthcare data should be achieved 
with guarantees of security and integrity between individuals, 
companies, and data marketplace. Thus, there is a need to 
develop a system that can facilitate the transaction of health
care data.

As the utilization of data marketplaces increases in other 
industries, companies are expected to have more opportuni
ties to explore new revenue from the collection and analysis 
of external data.11–14 Recently, data marketplaces have 
evolved from client-server–based formats to P2P-based data 

Received: November 4, 2023; Revised: March 17, 2024; Editorial Decision: March 20, 2024; Accepted: March 25, 2024 
# The Author(s) 2024. Published by Oxford University Press on behalf of the American Medical Informatics Association.   
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/ 
by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial 
re-use, please contact journals.permissions@oup.com 

JAMIA Open, 2024, 7(2), ooae029 
https://doi.org/10.1093/jamiaopen/ooae029 
Application Notes 

https://orcid.org/0000-0001-7338-5157


marketplaces through the utilization of blockchain technol
ogy. Client-server–based data marketplaces can be modified 
and deleted by server administrators. Whereas, blockchain- 
based data marketplaces can play the role of an honest 
broker, with guaranteed data integrity and security.

Recently, studies related to blockchain have been con
ducted in healthcare field, such as patient participation, 
patient empowerment, sharing and use of healthcare data, 
and management of clinical trials.15,16 Studies have included 
patient participation and empowerment in blockchain to help 
them make decisions about their care by integrating hospital 
information systems, such as electrical medical records and 
electrical health records, and the sharing of patient care infor
mation between patients and healthcare providers through 
mobile health and telemedicine platforms.17–19 A study has 
also been conducted on the sophistication of cryptographic 
techniques for the anonymity of patient information.20 Ano
nymization of patient information is important for clinical 
trial management systems in medical research. Blockchain 
can maintain the anonymity of individual data during such 
research.21,22 The “MyData” study examines the use of 
blockchain to allow patients to reliably receive personal 
healthcare data from medical facilities.23,24 Thus, blockchain 
is essential for the data transaction approach, providing not 
only improvements in the integrity of healthcare data and 
accessibility to individuals and companies but also a guaran
tee of individual privacy and security.

Methods
Study design
We designed a blockchain-based healthcare data marketplace 
to transact healthcare data between individuals, companies, 
and hospitals. We use MySQL 8.0, JavaScript Library, Node. 
js, and Android to develop a data marketplace. We developed 
web-based and mobile applications to make them easy to 
access regardless of location and time. Companies can search 
and transact the data through the web pages of the data mar
ketplace. Individuals can consent to the transaction of data 
requested by companies using a mobile application. The 
National Health Insurance Service (NHIS) data were used to 
conduct a scenario demonstration according to the data mar
ketplace architecture procedure. We evaluated the data mar
ketplace through 3 transaction scenarios.

Data marketplace architecture
We designed an architecture for the healthcare data market
place with 6 essentials: data standardization, data integrity 
and security, compensation for the provision of data, dynamic 
consent system, data matching, and transaction status moni
toring (Figure 1). We consist of hospitals where healthcare 
data are produced, personal device of individuals who own the 
data, companies that want to transact individual healthcare 
data, healthcare data marketplace, and blockchain.

The process of data transmission between hospital and 
personal device
Individuals can request their own healthcare data from the 
hospital on their personal device. The data are then retrieved 
from the hospital’s database and standardized to FHIR (Fast 
Healthcare Interoperability Resources). The individual’s 
standardized healthcare data on the hospital server is given a 

hash value generated by the blockchain and transmitted to 
the personal device.

The process of the company’s data transaction request
Companies request consent for the use of an individual’s 
healthcare data after searching for the data that they want 
using the web-based application, along with details of their 
request, such as deadline, purpose of use, and number of data 
to be collected. The marketplace sends details of the request 
to the individual’s personal device.

The process of data transmission between data marketplace 
and company
Individuals who receive a notification from the marketplace 
check the details of the request from the company and decide 
whether to provide their data using the mobile application. 
After the individual provides their consent, their healthcare data 
are sent to the marketplace. Health data approved for transac
tions are collected in the database of the healthcare data market
place, anonymized, and parsed before being sent to companies.

Data selection
Health examination open data disclosed by the Korea NHIS 
were used as the healthcare data for this implementation of 
the healthcare data marketplace. This data is open data con
sisting of basic information (gender, age group, city code, 
etc.) and examination details (height, weight, total choles
terol, hemoglobin, etc.) on 1 million examinees for each year 
who have health examinations of life transition periods 
received by those who reach the age of 40 and 66 among 
these general health examinations. This data is anonymized 
and standardized. To demonstrate the data marketplace pro
totype, this data is standardized as FHIR.25,26

Blockchain Panacea for the data marketplace
Panacea is a healthcare data protocol, a public blockchain 
with an independent network. Panacea aims to make an eco
system of patient-centric health information collection, man
agement, and utilization possible.27 On Panacea, records are 
made and validated through nodes’ validation; once a record 
is successfully put on the blockchain, it cannot be forged or 
falsified. The core function of Panacea is to record the hash 
value of health information and to prove the integrity and 
ownership of the data through the hash value. Panacea can 
be utilized freely with its cryptocurrency, MED coin. Pan
acea’s chain includes some information such as ID, hash 
value, block height, gas used/wanted, fees, memo, and trans
action count. Healthcare data does not go up directly, and 
medical information is not contained in transactions. The 
main reason to select Panacea is the hash value of verifiable 
health information. Within Panacea’s chain, healthcare data 
are managed in the form of Merkle tree. In the case of serv
ices that utilize a specific data format/messaging protocol 
(e.g., FHIR), the data go through the “Merklizing” process 
and assigns a hash value to healthcare data.

Healthcare data marketplace demonstration
For demonstration, we utilized Health Examination open 
data. This dataset does not require separate Institutional 
Review Board approval or similar ethical procedures for 
research purposes and can be accessed regularly. We ran
domly divided the open data into 332 001, 333 962, and 
334 037 cases in each of the 3 hospitals. The performance of 
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the healthcare data marketplace was evaluated according to 
the time taken for the transactions. The time taken for the 
transactions was calculated by adding the query time to the 
receiving time recorded in the transaction log. The query was 
the time taken to apply for the healthcare data. The receiving 
time was the time taken to pass the data to the company from 
the hospital after sending notifications to the individuals. The 
3 scenarios were male and obese (body mass index [BMI] 
≥30 kg/m2), male aged ≥40 years with abnormal liver func
tion tests (aspartate aminotransferase ≥40 units/L and ala
nine aminotransferase ≥40 units/L) and female aged ≥60 
years with high blood pressure (systolic pressure ≥130 kg/m2 

and diastolic pressure: ≥90 kg/m2).

Results
The mobile application for personal device
We developed a mobile application that is available to indi
viduals who participate as data owners in the healthcare data 
marketplace. The mobile application has functions such as 
pop-up notifications, inquiries for requested data informa
tion, and details of data after a transaction. Individuals can 
check pop-up notifications for data transaction request and 
consent to provide the data. The designed mobile application 
has been included in Figure S1.

The web page of the healthcare data marketplace
A web-based marketplace was required to provide functions 
for companies to search and request data and show the trans
action process. The marketplace consists of searching and 
applying for healthcare data, monitoring the status of data 
transactions, and monitoring the participation status of indi
viduals. The demonstration video of the data marketplace is 
in Video S1.

The web page for monitoring healthcare data 
transaction status
Figure 2A shows different logins according to whether the 
user is a company or an individual. Companies and 

individuals handle different tasks in the healthcare data mar
ketplace. Figure 2B shows an initial web page for companies, 
where the status of data collection and transactions is moni
tored. It includes the type of use of the data (marketing, sales, 
etc.), application number, data request number and status, 
request date, deadline, and status of data collection. The sta
tus of data collection is presented as 1 of 3 categories: com
plete, incomplete, and processing. When the detail view is 
clicked, a page that contains details of the healthcare data 
application status is presented in Figure 2C. Figure 2D shows 
detailed log records of the data transaction.

Search and application of the healthcare data
When the application of healthcare data is conducted, com
panies can set the type of data collection, target number of 
the data transaction, deadline, and compensation in  
Figure 3A. In Figure 3B, additional healthcare data search 
diagram system is available for the company to query the 
application data. Selectable features are as follows: demo
graphics (age, gender, BMI, etc.), and clinical information 
(high-density lipoprotein, blood pressure, etc.).

Monitoring the transaction status of individual 
participants
We have designed to monitor the transaction status of partici
pants when an individual logs in to the healthcare data mar
ketplace. In Figure 3C, the company name that transacts 
individual’s healthcare data, type of data collection, 
requested date, deadline, status of the data collection, and 
participation status in the transacting of the data transaction 
are listed. The status of data transaction is presented in 3 
stages: complete, incomplete, or processing. Figure 3D shows 
the details of the transaction when the detail column is 
clicked.

Demonstration of the data marketplace
In all 3 scenarios, query time was 1-2 s, receiving time was an 
average of 17 min, and 9.5 cases of healthcare data per 
minute were transmitted. The data transacted in each 

Figure 1. Healthcare data marketplace architecture. The process of transmission of data between the hospital and individual and the process of request 
of the data by a company.
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scenario was transmitted to each company in the form of a 
structured database. The result of the demonstration has 
been included in Figure S2.

Discussion
In this article, we have developed a web page and mobile 
application for running the data marketplace based on block
chain. After healthcare data marketplace was developed, we 
demonstrated the data marketplace in 3 scenarios. As a result 
of the scenario demonstration, we obtained this compliance 
performance for query time of 1-2 s, receiving time of an 
average of 17 min, and 9.5 cases of healthcare data per 
minute.

No previous study has proposed a system for direct health
care data transactions between individuals and companies. 
Traditionally, healthcare data exchange and sharing systems 
have been actively studied. Hospitals have a role in mediating 
healthcare data exchange between individuals and external 
institutions, conducting multiple exchanges and transac
tions.28,29 With regard to blockchain technology in the 
healthcare industry, research has been conducted on data 
management, sharing, and exchange.15,16 Furthermore, vari
ous studies are underway to establish the medical ecosystem 
using blockchain technology, including research on the inter
operability of electronic health records,30 the utilization of 
blockchain and smart contracts for medical training 

certificate management,31 surveys on the introduction of 
blockchain and artificial intelligence into the medical envi
ronment,32 and the development of systems for patient man
agement in blockchain-based medical environments.33

However, most of these studies are related to data transaction 
systems between hospitals and individuals or companies.

To develop data marketplace, we utilized the blockchain 
Panacea. Panacea allows for the merklelization of sensitive 
healthcare data, enabling controlled and encrypted disclosure 
of only certain information.27 It assigns hash values to spe
cific medical data formats and messaging protocols (e.g., 
HL7 FHIR).27 Consequently, the Panacea enables data access 
control by sensitive data owners and enhances data integrity 
and security through hash value assignment. In contrast, 
Ethereum, a widely used smart contract platform, faces chal
lenges in encrypting data within transactions.34–36 Addition
ally, Ethereum encounters scalability issues and gas costs 
associated with data storage and transactions, making it 
unsuitable for large-scale data transactions.34–36 Therefore, 
Ethereum is not suitable for transactions involving sensitive 
individual healthcare data.

Healthcare data are stored in various formats and types.37

It is difficult for the data marketplace to act as interoperabil
ity for the transaction of personal data. Therefore, this study 
was standardized with FHIR to complement the interoper
ability of NHIS’ health examination data.38 Therefore, we 
complemented the interoperability of the healthcare data 

Figure 2. Login and transaction monitoring pages for companies and individual users. (A) Healthcare data marketplace login page for medical institutions 
and individual users, (B) healthcare data application status monitoring, (C) detailed status of healthcare data application, and (D) data transaction log 
history.
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marketplace by preprocessing healthcare data in the FHIR 
format and recording a hash value in the Merkle tree of the 
blockchain.27 Finally, for the demonstration, we used the 
obesity (BMI) feature and features for diabetes and high 
blood pressure, which are major health issues in Korea.39

In this study, the data marketplace is a system that acts as 
an honest broker, enabling direct healthcare data transac
tions between individuals and companies. With this feature, 
our healthcare data marketplace contributes to strengthening 
the ownership of personal healthcare data by providing a sys
tem based on blockchain. Further, the data marketplace sup
ports a reasonable monetary compensation system and 
customized digital healthcare services. Companies can also 
save time and money that is traditionally invested in collect
ing personal information. Data forgery challenges are also 
significantly reduced with blockchain technology, making it 
easier to secure quality data and influencing the development 
of a viable application to the healthcare service model.

Our study has several limitations. First, the healthcare data 
marketplace model was designed to facilitate the sharing of 
only health examination data. In our model, healthcare data 
marketplace did not conduct interoperability verification for 
various real-world data. Second, the performance of the 
healthcare data marketplace should be evaluated with a 
larger number of individuals as participating stakeholders. 
Third, the healthcare data marketplace was created without 

considering its owner, for example, a government or private 
company. Fourth, there was no compensation standard for 
the transaction of healthcare data.

Conclusion
Healthcare data are the most fundamental resource for medi
cal innovation, but it is owned by individuals. Therefore, the 
analysis was limited because healthcare data were frag
mented. In particular, there are limits to money, time, and 
laws for collecting healthcare data. To bridge this gap, we 
have developed a freely available blockchain-based health
care data marketplace. Our aim is to accelerate smooth data 
transactions between individuals and companies, ultimately 
advancing precision medicine.

Author contributions
KangHyun Kim, Sung-Min Kim, YoungMin Park, Sung Ryul 
Shim, Hyeong Won Yu, and Hyun Wook Han contributed to 
demonstration of the data marketplace and design of the 
demonstration process. KangHyun Kim, Sung-Min Kim, and 
YoungMin Park performed data preprocessing and standard
ization for demonstration. EunSol Lee and SungJae Jung pro
gramed the blockchain Panacea and mobile application. 
Jeongyong Kang, DongUk An, and Kyungil Min developed 

Figure 3. The pages for healthcare data search and monitoring the status of individual participants. (A) Medical data application and (B) diagram for 
medical data application selection. (C) Status monitoring of participants and (D) status of participation detail.

JAMIA Open, 2024, Vol. 7, No. 2                                                                                                                                                                                                5 



the data marketplace and contributed to the design of the 
architecture, and user interface of the data marketplace.

Supplementary material
Supplementary material is available at JAMIA Open online.

Funding
This research was supported by Korea Evaluation Institute of 
Industrial Technology (KEIT) grant funded by the Korea 
Government (MOTIE) [No. 20018689] and a grant from the 
Institute of Information & Communications Technology 
Planning & Evaluation (IITP) funded by the government of 
the Republic of Korea [No. 2019000224].

Conflicts of interest
None declared.

Data availability
The Health examination open data underlying this article are 
available in Public Data Portal at https://www.data.go.kr/ 
data/15007122/fileData.do and can be accessed to anyone.

References
01. Kim J, Kam HJ, Park YR, et al. Enchanted life space: adding value 

to smart health by integrating human desires. Healthc Inform Res. 
2018; 24(1):3-11.

02. Walker DM, Sieck CJ, Menser T, et al. Information technology to 
support patient engagement: where do we stand and where can we 
go? J Am Med Inform Assoc. 2017;24(6):1088-1094.

03. Torkamani A, Andersen KG, Steinhubl SR, et al. High-definition 
medicine. Cell. 2017;170(5):828-843.

04. Sawesi S, Rashrash M, Phalakornkule K, et al. The impact of infor
mation technology on patient engagement and health behavior 
change: a systematic review of the literature. JMIR Med Inform. 
2016;4(1):e1.

05. Singh K, Drouin K, Newmark LP, et al. Patient-facing mobile apps 
to treat high-need, high-cost populations: a scoping review. JMIR 
Mhealth Uhealth. 2016;4(4):e136.

06. Taki S, Lymer S, Russell CG, et al. Assessing user engagement of 
an mHealth intervention: development and implementation of the 
growing healthy app engagement index. JMIR Mhealth Uhealth. 
2017;5(6):e89.

07. Sosa A, Heineman N, Thomas K, et al. Improving patient health 
engagement with mobile texting: a pilot study in the head and neck 
postoperative setting. Head Neck. 2017;39(5):988-995.

08. Park YR, Lee Y, Kim JY, et al. Managing patient-generated health 
data through mobile personal health records: analysis of usage 
data. JMIR Mhealth Uhealth. 2018;6(4):e89.

09. Singleton P, Wadsworth M. Consent for the use of personal medi
cal data in research. BMJ. 2006;333(7561):255-258.

10. Chang MC, Hau YS, Park JC, et al. The application of blockchain 
technology in stroke rehabilitation. Am J Phys Med Rehabil. 
2019;98(7):e74.

11. Mi�sura K, �Zagar M. Data marketplace for Internet of Things. 
International Conference on Smart Systems and Technologies 
(SST); October 12–14, 2016; Osijek, Croatia, 255-260. IEEE.

12. Ozyilmaz KR, Do�gan M, Yurdakul A. IDMoB: IoT data market
place on Blockchain. 2018 Crypto Valley Conference on Block
chain Technology (CVCBT); June 20-22, 2018; Zug, Switzerland, 
11–19. IEEE.

13. Dilmegani C. 2021. Data marketplaces: what, why, how, types, 
benefits, vendors. Accessed December 23, 2021. https://research. 
aimultiple.com/data-marketplace/

14. RubyGarage. 2020. Data Marketplaces: types and business mod
els. Accessed December 20, 2021. https://rubygarage.org/blog/big- 
data-marketplaces

15. Durneva P, Cousins K, Chen M. The current state of research, 
challenges, and future research directions of blockchain technol
ogy in patient care: systematic review. J Med Internet Res. 
2020;22(7):e18619.

16. Zheng Z, Xie S, Dai H, et al. An overview of blockchain technol
ogy: architecture, consensus, and future trends. 2017 IEEE Inter
national Congress on Big Data (BigData Congress); Jun 25-30, 
2017; Honolulu, HI, USA, 557-564. IEEE.

17. World Health Organization. HO Guidelines on Hand Hygiene in 
Health Care: first Global Patient Safety Challenge Clean Care is 
Safer Care. World Health Organization; 2009.

18. Barry MJ, Edgman-Levitan S. Shared decision making—pinnacle 
of patient-centered care. N Engl J Med. 2012; 366(9):780-781.

19. Alexaki S, Alexandris G, Katos V, et al. Blockchain-based elec
tronic patient records for regulated circular healthcare jurisdic
tions. 23rd International Workshop on Computer Aided Modeling 
and Design of Communication Links and Networks 
(CAMAD’18); September 17-19, 2018; Barcelona, Spain.

20. Tang C, Li C, Yu X, et al. Cooperative mining in blockchain net
works with zero-determinant strategies. IEEE Trans Cybern. 
2020;50(10):4544-4549.

21. Zhuang Y, Sheets L, Shae Z, et al. Applying blockchain technology 
for health information exchange and persistent monitoring for 
clinical trials. AMIA Annu Symp Proc. 2018;2018:1167-1175.

22. Benchoufi M, Porcher R, Ravaud P. Blockchain protocols in clinical 
trials: transparency and traceability of consent. F1000Res. 2017;6:66.

23. Wang S, Wang J, Wang X, et al. Blockchain-powered parallel 
healthcare systems based on the ACP approach. IEEE Trans Com
put Soc Syst. 2018;5(4):942-950.

24. Ichikawa D, Kashiyama M, Ueno T. Tamper-resistant mobile health 
using blockchain technology. JMIR Mhealth Uhealth. 2017; 5(7):e111.

25. Bender D, Sartipi K. HL7 FHIR: an agile and RESTful approach to 
healthcare information exchange. Proceedings of the 26th IEEE Inter
national Symposium on Computer-Based Medical Systems, 326-331.

26. Saripalle R, Runyan C, Russell M. Using HL7 FHIR to achieve 
interoperability in patient health record. J Biomed Inform. 
2019;94:103188.

27. MediBloc Panacea Core docs. 2021. Accessed December 21, 2021. 
https://medibloc.gitbook.io/panacea-core/.

28. Dimitrov DV. Blockchain applications for healthcare data man
agement. Healthc Inform Res. 2019;25(1):51-56.

29. Shen B, Guo J, Yang Y. MedChain: efficient healthcare data shar
ing via blockchain. Appl Sci. 2019;9(6):1207.

30. Schmeelk S, Kanabar M, Peterson K, Pathak J. Electronic health 
records and blockchain interoperability requirements: a scoping 
review. JAMIA Open. 2022;5(3):ooac068.

31. Tellew J, Kuo TT. CertificateChain: decentralized healthcare train
ing certificate management system using blockchain and smart 
contracts. JAMIA Open. 2022;5(1):ooac019.

32. Aldughayfiq B, Sampalli S. Patients’, pharmacists’, and prescribers’ 
attitude toward using blockchain and machine learning in a pro
posed ePrescription system: online survey. JAMIA Open. 2022;5 
(1):ooab115.

33. Khurshid A, Holan C, Cowley C, et al. Designing and testing a 
blockchain application for patient identity management in health
care. JAMIA Open. 2021;4(3):ooaa073.

34. Macdonald M, Liu-Thorrold L, Julien R. The blockchain: a com
parison of platforms and their uses beyond bitcoin. Working Paper 
2017:1-8.

35. Yu H, Sun H, Wu D, Kuo TT. Comparison of smart contract 
blockchains for healthcare applications. In: AMIA Annual Sympo
sium Proceedings; 2019, Vol. 2019, 1266. American Medical 
Informatics Association.

6                                                                                                                                                                                               JAMIA Open, 2024, Vol. 7, No. 2 

https://academic.oup.com/jamiaopen/article-lookup/doi/10.1093/jamiaopen/ooae029#supplementary-data
https://www.data.go.kr/data/15007122/fileData.do
https://www.data.go.kr/data/15007122/fileData.do
https://research.aimultiple.com/data-marketplace/
https://research.aimultiple.com/data-marketplace/
https://rubygarage.org/blog/big-data-marketplaces
https://rubygarage.org/blog/big-data-marketplaces
https://medibloc.gitbook.io/panacea-core/


36. Chowdhury MJM, Ferdous MS, Biswas K, et al. A comparative 
analysis of distributed ledger technology platforms. IEEE Access. 
2019;7:167930-167943.

37. Schulz S, Stegwee R, Chronaki C. Standards in healthcare data. In: 
Kubben P, Dumontier M, Dekker A, eds. Fundamentals of Clinical 
Data Science. Cham: Springer; 2019. https://doi.org/10.1007/978- 
3-319-99713-1_3

38. Ayaz M, Pasha MF, Alzahrani MY, Budiarto R, Stiawan D. The 
fast health interoperability resources (FHIR) standard: Systematic 
literature review of implementations, applications, challenges and 
opportunities. JMIR Med Inform. 2021;9(7):e21929.

39. Noh H, Seo J, Lee S, et al.; Vital Statistics Division, Statistics 
Korea. Cause-of-death statistics in 2020 in the Republic of Korea. 
J Korean Med Assoc. 2023;66(2):132-142.

# The Author(s) 2024. Published by Oxford University Press on behalf of the American Medical Informatics Association.
JAMIA Open, 2024, 7, 1–7
https://doi.org/10.1093/jamiaopen/ooae029
Application Notes

JAMIA Open, 2024, Vol. 7, No. 2                                                                                                                                                                                                7 

https://doi.org/10.1007/978-3-319-99713-1_3
https://doi.org/10.1007/978-3-319-99713-1_3

	Active Content List
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Author contributions
	Supplementary material
	Funding
	Conflicts of interest
	Data availability
	References


