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Abstract

Background: Government policies in the U.S. and E.U. promote standardization and value creation in the use of FAIR
(Findability, Accessibility, Interoperability and Reusability) data.

Objective: In this global trend, the interoperable interface called Sync for Science-J (S4S-J) for linking Electronic Medical
Record (EMR) and Personal Health Record (PHR) was launched on the Basic Policy for Economic and Fiscal Management and
Reform in Japan.

Methods: $4S-J controls data distribution consisting of EMR and Patient-Generated Health Data (PGHD) and converts this
information into QR codes that can be scanned by mobile applications. This system facilitates data sharing based on personal
information beliefs and unlocks siloed 10T systems with Privacy Preference Manager (PPM). In line with Japanese information
handling practices, the development of a mobile-cloud network will lower barriers to entry and enable accelerated data sharing.
To ensure cross-compatibility and compliance with future international data standardization, $4S-J conforms to the HL7-FHIR
standard and uses the international standardized LOINC to redefine medical terms used in different terminology standards in
different medical fields. It is developed as an applied standard in the medical information intended for industry, healthcare
services and research through secondary use of data.

Results: A multicenter collaborative study was initiated to investigate the effectiveness of this system as aregistry clinical trial
and a multicenter randomized controlled trial, the EMBRACE study of the mobile health (mHealth) application M?Link for
hyperglycemic disorders in pregnancy, which implements EMR-PHR interoperable interface SAS-J.

Conclusions: The patient-centric data flow of the S4S-J in Japan is expected to guarantee the right to data portability, which
promotes the maximum benefit of use by patients themselves, which in turn contributes to the promotion of open science.
Clinical Tria: 1) Efficacy of MLink based telemedicine on GDM in a randomized controlled trial (EMBRACE),
jRCT1032230258, https://jrct.niph.go.jp/en-latest-detail jRCT1032230258

2) Study on Registry of Pregnancy with Abnormal Glucose Metabolism, JRCT1030220452, https://jrct.niph.go.jp/en-latest-
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Patient-Centric Approach to Personalized Electronic Medical Records via QR code in Japan

Abstract
Background:

Government policies in the U.S. and E.U. promote standardization and value creation in the use of
FAIR (Findability, Accessibility, Interoperability and Reusability) data. In this global trend, the
interoperable interface called Sync for Science-J (S4S-J) for linking Electronic Medical Record
(EMR) and Personal Health Record (PHR) was launched on the Basic Policy for Economic and
Fiscal Management and Reform in Japan.

Methods:

S4S-J controls data distribution consisting of EMR and Patient-Generated Health Data (PGHD)
and converts this information into QR codes that can be scanned by mobile applications. This system
facilitates data sharing based on personal information beliefs and unlocks siloed IoT systems with
Privacy Preference Manager (PPM). In line with Japanese information handling practices, the
development of a mobile-cloud network will lower barriers to entry and enable accelerated data
sharing. To ensure cross-compatibility and compliance with future international data standardization,
S4S-J conforms to the HL7-FHIR standard and uses the international standardized LOINC to
redefine medical terms used in different terminology standards in different medical fields. It is
developed as an applied standard in the medical information intended for industry, healthcare
services and research through secondary use of data.

Results:

A multicenter collaborative study was initiated to investigate the effectiveness of this system as a
registry clinical trial and a multicenter randomized controlled trial, the EMBRACE study of the
mobile health (mHealth) application MULink for hyperglycemic disorders in pregnancy, which
implements EMR-PHR interoperable interface S4S-J.

Conclusions:

The patient-centric data flow of the S4S-J in Japan is expected to guarantee the right to data
portability, which promotes the maximum benefit of use by patients themselves, which in turn
contributes to the promotion of open science.

Keywords

Sync for Science-J (S4S-J); Electric Medical Record (EMR); Personal Health Record (PHR); Privacy
Preference Manager (PPM); Patient Generated Health Data (PGHD); HL7-FHIR; LOINC; mobile
health (mHealth); open science
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Introduction

The standardized medical information network in Europe and the U.S. not only provides high-
quality medical care in individual practice, but also serves as a development research infrastructure
enables effective epidemiological research. The Data Governance Act (DGA), a new EC legal
system, will come into effect in September 2023, promoting standardization by the EC as well as the
creation of value in the use of findability, accessibility, interoperability, and reusability (FAIR) data
in anticipation of improved computational technology™. The legal system is being developed to
promote data-driven innovation as well as to develop low-cost medical technology.  In response to
this global trend, the "Basic Policies for Economic and Fiscal Management and Reform 2022,"?
approved by Japan Cabinet Office on June 7, 2022, set forth a policy of linking health and medical
data obtained within and outside medical institutions. In line with this policy, this research group was
commissioned by the Japan Agency for Research and Development (AMED) to develop a mHealth-
app “MULink”. It designed and implemented the "Sync for Science-J (S4S-J)" interface to realize
electronic medical record (EMR)-patient health record (PHR) interoperability using QR code®. In
this research project, we implemented this system to construct a mobile-cloud network designed for
Japan's medical situation that enables information sharing centered on individuals, and enables data
sharing based on the personal free decision with Privacy Preference Manager (PPM) for siloed IoT
systems.

Recently, the widespread use of Internet technologies and mHealth tools for public health and
medical purposes has changed human life.”" ¥ Short message service text messages sent from cell
phones using reminder systems had a positive effect on medication adherence among patients with
chronic diseases and those in need of medical services™ . mHealth apps have been widely applied
in the medical management of cancer patients”’, diabetes™"® | cardiovascular disease*"™, and other
chronic conditions'? .  Obstetric and gynecologic practices are also increasingly equipped with
telemedicine to improve patient access to healthcare services. Previous studies have demonstrated
the effectiveness of telemedicine services in obstetrics and gynecology, including improved health
behaviors™! ' weight management'”®), mental health problems "¢, and postpartum depression "' in
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pregnant women. The effects of telemedicine as another applied medical infrastructure have also
been reported to be associated with improved health outcomes for high-risk obstetric patients,
including hypertensive disorders, diabetes, fetal abnormalities, and pregnancy in underserved areas.
18] The patient-centric approach through the S4S-J in Japan is expected to guarantee the right to
data portability, which is a patient right, and at the same time promote the maximum benefit of the
utilization by the patients themselves. We have started clinical studies of the mHealth application
MCLink for hyperglycemic disorders in pregnancy, which implements this EMR-PHR interoperable
interface S4S-J.

Method

Stratified health data in Japan

In this study, we have developed an M Link employing S4S-J and verified the effectiveness of the
system. S4S-J is an interface for linking the warehouse data consisting of EMR and Patient-
Generated Health Data (PGHD) and converting it into a QR (quick response) code that can be
scanned into a mobile-application. S4S-J complies with the Health Level 7 Fast Health care
Interoperability Resources (HL7-FHIR) standard and unifies medical language with global
standardized terminology using Logical Observation Identifiers Names and Codes (LOINC).
Developed as an applied standard in the medical information business, S4S-J is intended for medical
applications in cooperation with Mynaportal, Japan's Public Individual Number Card Service, and
for development research and healthcare services Leveraging clinical information through secondary
use of data. Japanese medical information is stratified as follows. (Fig.1 [JTier 3 provides public
information on taxation, public medical insurance, and public health checkup systems through the
Individual Number Card Service; Tier 2 provides FAIR data based on EMR-integrated PGHD with
an individual consent for the enhancement of research; and Tier 1 provides Semantic metadata
empowers algorithm for precision medicine. Meanwhile, S4S-J controls data distribution mainly for
Tier 1 through Tier 2, making it facilitates the provision of purpose-built medical services to users,
and at the same time promoting the industrial secondary use of data for drug discovery research.
S4S-J and structured metadata will be used to provide precise telemedicine to pregnant women with
hyperglycemic disorders in pregnancy using the mHealth-app M YLink, and a clinical registry study
will be conducted to evaluate the usefulness of the system.

EMR-PHR medical information interoperable interface S4S-J

S4S-J is an interface that has three main functions tailored to the actual situation of medical
information sharing in Japan. The system information structure and design of S4S-J are shown in
the following figure. (Fig. 2) The simple QR code system was specifically designed to interoperate
the EMR among major obstetric medical record systems with the S4S-J cloud data warehouse. It
covers the requirements of healthcare providers and health services that make primary-use of
medical information, and third parties for secondary-use in research and development: (a) medical
information sharing within QR coded EMR (b) conversion to global standard terminology, and (c)
Privacy Data provision based on the consent of using personal information by Privacy Preference
Manager (PPM). S4S-J exports the EMR of various electronic medical record vendors in the form
of QR codes by converting them into JSON bundles in compliance with the HL7-FHIR and SMART
health cards standards. (Fig.3) For enhanced security of personal information and to prevent
accidental exposure, S4S-J implements Smart Health Cards compliant with RFC7515 (JWS) in a
format enhanced with encryption based on RFC7516 (JWE) to prevent QR codes from being read by
anyone other than the person in the QR code. The QR code, which is the key for personal
identification, is output at the same time, and can be scanned via mobile-app to read the EMR when
the personal code is authenticated and the verification is confirmed. (Fig.5, 6) This eliminates
unintended and dishonest access. JLAC, a clinical laboratory code established by the Japanese
Society for Laboratory Medicine, and medical information and others are converted to the
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international standard terminology LOINC. The user can choose to share the data to healthcare
providers, government health agencies, private services, and research and development organizations
according to preferences of patient’s information use and contract various services. In this process,
we have designed an easy-to-use interface to obtain informed consent electronically, using videos to
provide clear explanations and aid in understanding. Consent can be withheld completely or
temporarily for privacy with the ability for dynamic consent to adjust to changes in patient intent
over time. (Fig. 7, 8)

System design and information framework for mHealth solution by S4S5-J

This mobile app was developed for deployment on iOS and Android. In addition to PGHD such as
blood glucose levels, insulin dosage units, nutrient and caloric intake, and patient reported outcomes
(PRO) displayed over time as a data library, the EMR includes ultrasound fetal predicted weight,
Maternal weight, medical history, family history, and pregnancy medical information are mapped in
HL7-FHIR format and converted to QR codes. (Fig.5) The information is all captured by the
mobile device and incorporated into the cloud information. From this sequence of operations,
medical information for online medical care can now be easily registered from the mobile application
by simply scanning the QR codes. (Fig.6) If the user grants permission to the primary-user, the
healthcare provider, to use Participants' personal information, the medical information is projected
via the user’s smartphone application to the web-app of the healthcare providers. This enables
remote medical care by displaying medical information on the web-app with a higher density of
information than face-to-face medical care. This cloud-based operational design allowed for rapid
deployment of a new mHealth system without requiring adjustments to the existing maternity EMR
vendor's web-app architecture. ~ All usage data, including symptoms, nutrient intake, and
medication-related behaviors are stored in a Cloud Data Warehouse.  Users can not only self-
administer insulin dosing, but also share actual medication usage, nutrient and caloric intake, and
detailed fetal medical data with their physicians via this standard aggregator device. This allows for
smooth access to online medical care and other medical services.

Result
Implementation of the pilot study

Since 2022, a multicenter collaborative registry study (jJRCT: CRB1030220452) and since 2023, a
multicenter randomized controlled trial, the EMBRACE study (jJRCT: CRB1032230258), have been
conducted by establishing a mobile-cloud network between three obstetrics and gynecology hospitals
and a core university hospital. The participants are women with hyperglycemic disorders in
pregnancy, and we have established a treatment style in which the pregnant women receive
concurrent medical outpatient treatment via an online medical service while attending obstetrics and
gynecology departments. Using this app, online medical care in the form of mHealth, real-time blood
glucose levels, nutrient and calorie intake, and medical information from the EMR-derived
OB/GYN, such as estimated fetal and maternal weight, are displayed for diagnosis and decision
making by healthcare providers, as well as medical instructions for insulin dose adjustment and
nutrient intake. Text-style messages were exposed via the app 1-2 times per week, sometimes as
needed. In order to provide in-depth counseling, and re-tension around the use of the app to help
prevent high app attrition rates as counseling to improve pregnant women's motivation for treatment
and adherence to app use. The data disclosed and provided by patients as PGHD and number of
steps taken, as well as QR code-generated EMR, and the hierarchical metadata could be generated.

The first feature is that the participants were pregnant women, a homogeneous target population,

which tends to minimize variation in the literacy of Information and Communication Technology
(ICT) and makes the study design less susceptible to individual differences in app use skills. Even
in the differences between genders, it has been shown in previous studies examining, gender
differences in ICT literacy that this is a significant difference in favor of women scoring higher on
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cognitive measures of computer use frequency, perceived ICT skills, and attitudes toward computers.
197 Compliance was also high, despite limited understanding of the Gestational diabetes mellitus
(GDM) and dietary requirements and why changes were necessary. *”’ Moreover, almost without
exception, patients negatively recalled the process of measuring blood glucose multiple times a day
and taking medications during pregnancy, but recognized and showed resilience in making this work
for the baby's health. Women reported and healthcare providers could recognize that maternal health
increases motivation for lifestyle changes during pregnancy that directly affect the baby.”"! Asin
previous reports, pregnant women actively participated in telemedicine using the app, and then
received mHealth on a patient-centric data flow infrastructure.

Discussion

In Japan, standardization of data distribution was adopted in 2022 as a standard by the Ministry of
Health, Labor and Welfare, and is integrated in the HL7-FHIR standard, aiming to spread
standardized electronic medical information and exchange systems. As a pilot operation, three
documents and six pieces of information are provided: Medical information are including as Name of
injury or disease, Allergy information, Information on infectious diseases, Information on
contraindications to drugs, Examination information (tests useful in emergency situations, tests
related to lifestyle-related diseases) and Prescription information. For example, documentary
information includes the following forms: medical information form, discharge summary with key
images, and health examination results report. However, as for the interoperable common API in
Japan defined as likely Sync for Science (S4S) in the U.S. has not been officially released by bureau
or enterprise organizations, then each tier of stored data isn’t not enough to utilize it for research in
academia and industry.

S4S-J is endorsed by the Japan Agency for Research and Development (AMED) and distributed by
the Life Course Design Consortium, a multi-stakeholder consortium consisting of telecom,
pharmaceutical companies, medical devices, academic organizations, and academia. This common
interface that provides interoperability for EMR-PHR is compliant with HL7-FHIR and SMART
Health Cards as standardization and enables the distribution of EMR and PGHD in a patient centered
manner. Because of avoiding subordinated to proprietary systems or applications defined by
exclusive standards, S4S-J is characterized by converting EMRs to QR Codes for patient centered
mobile circulation, which taking into account the tendency of notions that medical information
stakeholders intend in Japan. Healthcare providers in Japan are hesitant to actively connect medical
information to the IoT, preferring isolated networks due to concerns about cybersecurity and
information disclosure.”? Mobile and wearable devices are increasingly being developed for
healthcare purposes. mHealth data includes personal health data collected from sensors and mobile
applications. mHealth data and metadata standardization improves the ease of data aggregation and
location accuracy (semantic interoperability) and reduce the cost of using this data for biomedical
discovery, health improvement, and disease management.””  Standardization of data along the
entire PGHD integration pipeline is critical to ensure that it is device-independent, modular, flexible,
versatile, and therefore low-cost to integrate into clinical workflows.?” For healthcare provider
organizations, standardization will make it simpler to integrate data into workflows and write easily
to EMRs for billing purposes. EMRs in the U.S. are currently required by law to support HL7 FHIR
data and protocol standards.” As a schema to promote R&D, Sync for Science (S4S) has
collaborated with Harvard Medical School, various EMR vendors, and the US federal government
(National Institutes of Health and the Office of the National Coordinator for Health Information
Technology (ONC)). S4S is a technology that allows individuals to donate electronic clinical and
health data to biomedical research studies, which provides the ability for participants to share their
electronic health record-based clinical health data with selected research programs via an open, read-
only API. The S4S API is based on the Health Level 7 (HL7) Fast Healthcare Interoperability
Resources (FHIR) and OAuth 2.0 standards. The S4S API is being developed to allow applications
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to use OAuth 2.0 to provide read-only access to all or a portion of electronic personal health
information about a patient available through the Healthcare Provider Organization (HPO)-Patient
Portal via the patient's authentication credentials.”® PGHD aggregation services that provide
standards-based PGHD integration have a critical role to play in the transition from today's siloed
and friction-prone data ecosystem to a frictionless, interoperable system appropriate for patients.
Healthcare leaders responsible for telemonitoring and other PGHD programs should explore and
adopt a pipeline-based approach to standardize the integration of PGHD into clinical care.!*"
Likewise, in Japan, data mapping with HL7 -FHIR enables the integration of EMR-integrated
PGHD, and data portability using QR codes provides the option of building a data flow that is
adapted to Japanese usability. Moreover, the value sets are standardized using LOINC terminology.
Meanwhile, since digital distribution in S4S-J is a patient- centric data flow, the amount of data
distribution is limited by patient refusal to provide data and the frequency of data provision. Decline
in adherence leads to loss of data provision opportunities and poor data quality. This means that
healthcare providers need to encourage users to provide accurate data and record high-quality data in
a text-based manner, and to control the quality of data flow through frequent communication.
Agreement and trust in data handling between patients and healthcare providers will enable the
generation of well-structured, highly useful EMR-integrated PGHD and enable healthcare providers
to provide precise health services based on a patient- centric data flow system. In that context, a key
factor is for healthcare service providers to offer services that are attractive enough for patients to
willingly provide their own data, and to promote services that are mutually beneficial to both patients
and healthcare providers in order to strengthen patient-centric data provision.

In considering application differences arising from gender differences in this study, young women
reported greater gains in perceptions of empowerment with computer learning combined with ICT
than men in a study that an ICT literacy test was administered to Norwegian students. ¥’ According
to the results of a multi-group confirmatory factor analysis, the test had sufficient measurement
invariance across genders to allow the researchers to make meaningful comparisons. The comparison
revealed that girls were more ICT literate than boys. The impact of gender differences in the use of
ICT applications (annotated multimedia electronic readers (AMEs)) was also tested in pre- and post-
classroom learning. The results show that women use learning tools more frequently than men. **!
These also suggest that the use of ICT applications for pregnant women may be a good indication
and an effective treatment target.

As an intervention effect of the one-directional messages through a mobile phone, it significantly
improved physical activity, healthy eating, and medication adherence in chronic heart disease
patients. In addition, more people may also control cardiovascular disease risk factors by following
the recommendations via messages. The intervention group was 62% more likely to control all five
risk factors according to recommendations.””” Likewise in perinatal care, Text-4-Baby, another
telemedicine service for pregnant women and its text message service was also associated with
improvements in women's health behaviors and attitudes toward parenting.*®- 3" Thus, health
outcome in telemedicine could prove to be non-inferior to traditional face-to-face care in the
perinatal period. For example, the prenatal and newborn guidelines, education, and learning system
of one of the largest telemedicine obstetric care programs providing telephone consultation services
to pregnant women in the United States was as effective as traditional face-to-face services.*?** In
safety issue of telemedicine, programs involving synchronous videoconferencing were not associated
with increased risk of health complications or medical adherence compared to traditional outreach
programs.®- ¥ In an online obstetrics and gynecology consultation service in Japan, telemedicine
services using multiple communication tools, such as chat messages and voice calls, have also been
shown to be clinically safe.® The interim analysis of the registry using MLink suggests that it
may improve postprandial blood glucose and improve target in range (data not shown), however,
there are limitations due to the small number of cases and the retrospective nature of the study, and
also suggests that further research is needed to evaluate the effect of telemedicine using EMR-
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integrated PGHD on the incidence of perinatal complications such as preterm birth or cesarean
section. In the implementation of data distribution adapted to usability in each country, it is important
to introduce a system that ensures data security and reliability according to habitual backgrounds in
digitalization. Over the future, patient-centric approach will enable mHealth to effectively provide
advanced healthcare services with EMR-integrated PGHD and metadata, both for the patients
themselves and for healthcare providers and researchers.

Conclusions

QR code-based EMR- PGHD interoperable interface, S4S-J, was launched in medical field in
Japan. S4S-J constructs a mobile-cloud network designed for Japan's medical situation that enables
data sharing based on the personal decision with Privacy Preference Manager for siloed IoT systems.
In accordance with Japanese information handling practices, the development of a mobile-cloud
network through S4S-J is expected to lower barriers to entry and accelerate information sharing. To
ensure cross-compatibility and compliance with future international data standardization, S4S-J
complies with the HL7-FHIR standard and unifies medical language using globally standardized
terminology via LOINC. The patient- centric data flow of the S4S-J in Japan is expected to guarantee
the right to data portability and promote maximum benefit for patients themselves, which in turn will
develop as an applied standard in healthcare services and contribute to open science through
secondary use of data in Japan.
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Fig.1 Stratified health data in Japan

The direction to the lower tier is information that has a strong impact on the public, and the
direction to the upper tier is information with high individual benefit. = Tier 3: Information on
medical insurance, health administration, and taxation, based on Mynaportal, the government’s
individual number in Japan. Tier 2: Data which meet principles of findability, accessibility,
interoperability, and reusability (FAIR) based on electric medical records (EMR) and integrated
patient-generated health data (PGHD) with a consent for promoting research and development in
academia and the private sector through compliance with global standards. Tier 1: Semantic metadata
to empower algorithm for computing a medical solution on mHealth and Telemedicine, which in
turn, implement precision medicine. In Japan, standardization of data distribution was adopted in
March 2022 as a standard by the Ministry of Health, Labor and Welfare, and is integrated in the
HL7-FHIR standard, aiming to spread standardized electronic medical record information and
exchange systems.

Fig.2 The information circulation on S4S-J interface

Electric Medical Records (EMR) standardized in the HL7-FHIR, SMART health cards and
oneM2M aligned LOINC terminology is converted to a QR codes. The QR coded EMR is captured
by the patient's mobile app and processed with Patient-Generated Health Data (PGHD) into a JSON
bundle according to the Smart health cards standard to output structured EMR-integrated PGHD,
which is stored in a cloud data warehouse. Healthcare providers (HPs) download the metadata and
EMR-integrated PGHD via the cloud data warehouse and access highly detailed and rich clinical
data to provide precise telemedicine. In the aspect of research promotion, data distribution with the
consent of personal information use is available through S4S-J, and it is easy to analyze aggregated
EMR-integrated PGHD as a resource for research and development.

Fig.3 FHIR bundle consists of EMR-integrated PGHD

EMR-integrated PGHD converting into JSON bundles in compliance with the HL7-FHIR and
SMART health cards standards. The medical information contained in the payload portion of the
Smart Health Cards, such as "hospital”, "patient", "infectious disease test", etc., are described as an
array in the "entry" field of the "Bundle" resource in HL7-FHIR. The entire data is bundled as a
"Bundle" resource, and the resource type is "document" in according to the "Medical Information
Form HL7FHIR Description Specification (Version 1)" (https://jpthir.jp/thir/eReferral/igv1/). The
"Composition" resource at the beginning of the "entry" in the "Bundle" serves as the table of contents
contained in the Bundle. Behind it, medical information expressed as resources are lined up. Medical
and laboratory data such as "Blood Pressure" and "Blood Sugar" are represented as "Observation"

resources.

Fig.4 UI/UX of web-app on mHealth system “MC Link”
Displays for personal information permission: User interface for data sharing indicating the number
of patients' consent obtained and HPs authorized to share their data.

Fig.5 S4S-J on features to facilitate compatibility of information via QR codes

Encryption key to identify the individuals (left): The QR Code is aligned with the Smart Health
Cards (SHC) standard, which adopts HL.7 FHIR as medical data and provides a signature framework
to ensure the integrity of that medical data. SHC facilitates to Web-based signature format as JSON
web signature; RFC 7515 as the means of the digital signature method. QR coded EMR-integrated
PGHD (right): LOINC-converted EMR-integrated PGHD is generated in JSON on HL7-FHIR in
which the volume of the data should be minimized. The JSON is compressed with Deflate and
Base64 URL encoded into the payload.
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Fig.6 Upload of the EMR-integrated PGHD to the cloud data warehouse via QR codes
QR codes captured by MU Link-app: EMR-integrated PGHD is captured in the app through QR
code style, displayed in the UI/UX, and stored in cloud data warehouse.

Fig.7 Displays to acquisition of dynamic e-consent

Explanatory movie for patients embedded in the mobile-app: The movie explains how the data will
be used, what user could access the broad medical service and how the sharing data will contribute
for the next research and drug discovery through the dynamic e-consent.

Fig.8 Set up data-sharing based on an individual's decision through dynamic e-consent

UI/UX for sharing data among medical area on the basis of mobile-cloud network (left):
Checkboxes provide selectivity of HPs with which to share data. Dynamic e-Consent for secondary
use of data (right): UI/UX facilitates the secondary use of data by providing the attributes of the data
to be provided PGHD, medical history, clinical biochemical values, ultrasound values, and clinical
physical values) and the attributes of the recipient, such as HPO, Government health agencies,
academia, industry, and foreign organizations.

Reference

1. European Union. Data Governance Act became applicable on 24 September. European Union: An official
website of the European Union; 2023.

2. Japan Cabinet Office. Basic Policy on Economic and Fiscal Management and Reform 2022 For a New
Form of Capitalism—Achieving a Sustainable Economy by Harnessing Processes to Overcome Challenges to
Drive Growth—. In: Cabinet J, editor. Japan2022.

3. Silva BM, Rodrigues JJ, de la Torre Diez I, Lépez-Coronado M, Saleem K. Mobile-health: A review of
current state in 2015. J Biomed Inform. 2015 Aug;56:265-72. PMID: 26071682. doi: 10.1016/j.jbi.2015.06.003.

4, Van De Belt TH, Engelen LJ, Berben SA, Schoonhoven L. Definition of Health 2.0 and Medicine 2.0: a
systematic review. J Med Internet Res. 2010 Jun 11;12(2):e18. PMID: 20542857. doi: 10.2196/jmir.1350.

5. Kannisto KA, Koivunen MH, Vilimdki MA. Use of mobile phone text message reminders in health care
services: a narrative literature review. J Med Internet Res. 2014 Oct 17;16(10):e222. PMID: 25326646. doi:
10.2196/jmir.3442.

6. Vervloet M, Linn AJ, van Weert JC, de Bakker DH, Bouvy ML, van Dijk L. The effectiveness of
interventions using electronic reminders to improve adherence to chronic medication: a systematic review of the
literature. J Am Med Inform Assoc. 2012;19(5):696-704. PMID: 22534082. doi: 10.1136/amiajnl-2011-000748.

7. Bender JL, Yue RY, To MJ, Deacken L, Jadad AR. A lot of action, but not in the right direction: systematic
review and content analysis of smartphone applications for the prevention, detection, and management of cancer. J
Med Internet Res. 2013 Dec 23;15(12):e287. PMID: 24366061. doi: 10.2196/jmir.2661.

8. Armhold M, Quade M, Kirch W. Mobile applications for diabetics: a systematic review and expert-based
usability evaluation considering the special requirements of diabetes patients age 50 years or older. ] Med Internet
Res. 2014 Apr 09;16(4):e104. PMID: 24718852. doi: 10.2196/jmir.2968.

9. Hood M, Wilson R, Corsica J, Bradley L, Chirinos D, Vivo A. What do we know about mobile applications
for diabetes self-management? A review of reviews. J Behav Med. 2016 Dec;39(6):981-94. PMID: 27412774. doi:
10.1007/s10865-016-9765-3.

10. Chow CK, Ariyarathna N, Islam SM, Thiagalingam A, Redfern J. mHealth in Cardiovascular Health Care.
Heart Lung Circ. 2016 Aug;25(8):802-7. PMID: 27262389. doi: 10.1016/j.hlc.2016.04.009.

11. Neubeck L, Lowres N, Benjamin EJ, Freedman SB, Coorey G, Redfern J. The mobile revolution--using
smartphone apps to prevent cardiovascular disease. Nat Rev Cardiol. 2015 Jun;12(6):350-60. PMID: 25801714.
doi: 10.1038/nrcardio.2015.34.

12. Wang J, Wang Y, Wei C, Yao NA, Yuan A, Shan Y, et al. Smartphone interventions for long-term health
management of chronic diseases: an integrative review. Telemed J E Health. 2014 Jun;20(6):570-83. PMID:

https://preprints.jmir.org/preprint/57332 [unpublished, non-peer-reviewed preprint]



JMIR Preprints lzumidaet a

24787747. doi: 10.1089/tmj.2013.0243.

13. DeNicola N, Grossman D, Marko K, Sonalkar S, Butler Tobah Y'S, Ganju N, et al. Telehealth Interventions
to Improve Obstetric and Gynecologic Health Outcomes: A Systematic Review. Obstet Gynecol. 2020
Feb;135(2):371-82. PMID: 31977782. doi: 10.1097/A0G.0000000000003646.

14. Whittington JR, Ramseyer AM, Taylor CB. Telemedicine in Low-Risk Obstetrics. Obstet Gynecol Clin
North Am. 2020 Jun;47(2):241-7. PMID: 32451015. doi: 10.1016/j.0gc.2020.02.006.

15. Sherifali D, Nerenberg KA, Wilson S, Semeniuk K, Ali MU, Redman LM, et al. The Effectiveness of
eHealth Technologies on Weight Management in Pregnant and Postpartum Women: Systematic Review and Meta-
Analysis. J Med Internet Res. 2017 Oct 13;19(10):e337. PMID: 29030327. doi: 10.2196/jmir.8006.

16. Worley LLM, Wise-Ehlers A. Telepsychiatry in Obstetrics. Obstet Gynecol Clin North Am. 2020
Jun;47(2):333-40. PMID: 32451021. doi: 10.1016/j.0gc.2020.02.009.

17. Chow R, Huang E, Li A, Li S, Fu SY, Son JS, et al. Appraisal of systematic reviews on interventions for
postpartum depression: systematic review. BMC Pregnancy Childbirth. 2021 Jan 06;21(1):18. PMID: 33407226.
doi: 10.1186/512884-020-03496-5.

18. Whittington JR, Magann EF. Telemedicine in High-Risk Obstetrics. Obstet Gynecol Clin North Am. 2020
Jun;47(2):249-57. PMID: 32451016. doi: 10.1016/j.0gc.2020.02.007.

19. Hohlfeld TN, Ritzhaupt AD, Barron AE. Are gender differences in perceived and demonstrated technology
literacy significant? It depends on the model. Educational Technology Research and Development. 2013;61:639-63.
20. Pham S, Churruca K, Ellis LA, Braithwaite J. A scoping review of gestational diabetes mellitus healthcare:
experiences of care reported by pregnant women internationally. BMC Pregnancy and Childbirth. 2022
2022/08/08;22(1):627. doi: 10.1186/s12884-022-04931-5.

21. Lucas HR, Williams RC, Hollar LN, Johnson-Javois B, Miller HB, Stoermer A, et al. Understanding
Gestational Diabetes, Future Diabetes Risk, and Diabetes Prevention: A Qualitative Study of Patient, Provider, and
Staff Perspectives. Clin Diabetes. 2022 Jan;40(1):39-50. PMID: 35221471. doi: 10.2337/cd21-0016.

22, Takeshita K, Takao H, Imoto S, Murayama Y. Improvement of the Japanese healthcare data system for the
effective management of patients with COVID-19: A national survey. Int J Med Inform. 2022 Mar 24;162:104752.
PMID: 35390591. doi: 10.1016/j.ijmedinf.2022.104752.

23. IEEE. IEEE Standard for Open Mobile Health Data — representation of metadata, sleep, and physical
activity measures.: In: IEEE Std 1752.1-2021; September 16; 2021. p. 24.

24, Zeng B, Bove R, Carini S, Lee JS, Pollak JP, Schleimer E, et al. Standardized Integration of Person-
Generated Data Into Routine Clinical Care. JMIR Mhealth Uhealth. 2022 Feb 10;10(2):e31048. PMID: 35142627.
doi: 10.2196/31048.

25. Office of the National Coordinator for Health Information Technology (ONC) DoHaHSH. 21st Century
Cures Act: Interoperability, Information Blocking, and the ONC Health IT Certification Program. In: Office of the
National Coordinator for Health Information Technology (ONC) DoHaHSH, editor. The United States: The Federal
Register; 2020.

26. (NTH) NIoH. Sync for Science (S4S). In: (RePORT) NRPORT, editor. U.S.: U.S. Department of Health &
Human Services; 2017.

27. Hatlevik OE, Scherer R, Christophersen K-A. Moving beyond the study of gender differences: An analysis
of measurement invariance and differential item functioning of an ICT literacy scale. Computers & Education.
2017 2017/10/01/;113:280-93. doi: https://doi.org/10.1016/j.compedu.2017.06.003.

28. Liu Y-F, Hwang W-Y, Chen S. The effects of gender differences on the use of annotatable multimedia e-
readers. The Electronic Library. 2015;33(4):842-60. doi: 10.1108/EL-09-2013-0174.

29. Bae JW, Woo SI, Lee J, Park SD, Kwon SW, Choi SH, et al. mHealth Interventions for Lifestyle and Risk
Factor Modification in Coronary Heart Disease: Randomized Controlled Trial. JMIR Mhealth Uhealth. 2021 Sep
24;9(9):€29928. PMID: 34559058. doi: 10.2196/29928.

30. Rhoads SJ, Serrano CI, Lynch CE, Ounpraseuth ST, Gauss CH, Payakachat N, et al. Exploring
Implementation of m-Health Monitoring in Postpartum Women with Hypertension. Telemed J E Health. 2017
Oct;23(10):833-41. PMID: 28475431. doi: 10.1089/tmj.2016.0272.

31. Pflugeisen BM, McCarren C, Poore S, Carlile M, Schroeder R. Virtual Visits: Managing prenatal care with
modern technology. MCN Am J Matern Child Nurs. 2016;41(1):24-30. PMID: 26474477. doi:
10.1097/NMC.0000000000000199.

32. Ivey TL, Hughes D, Dajani NK, Magann EF. Antenatal management of at-risk pregnancies from a distance.
Aust N Z J Obstet Gynaecol. 2015 Feb;55(1):87-9. PMID: 25355283. doi: 10.1111/ajo.12254.

33. Britt DW, Norton JD, Hubanks AS, Navidad SA, Perkins RJ, Lowery CL. A two-period assessment of
changes in specialist contact in a high-risk pregnancy telemedical program. Telemed J E Health. 2006
Feb;12(1):35-41. PMID: 16478411. doi: 10.1089/tm;j.2006.12.35.

https://preprints.jmir.org/preprint/57332 [unpublished, non-peer-reviewed preprint]



JMIR Preprints lzumidaet a

34. Sakakibara K, Shigemi D, Toriumi R, Ota A, Michihata N, Yasunaga H. Emergency Visits and
Hospitalization After Chat Message, Voice Call, or Video Call for Telehealth in Obstetrics and Gynecology Using
Telehealth Service User Data in Japan: Cross-sectional Study. J Med Internet Res. 2022 Sep 23;24(9):e35643.

PMID: 36149744. doi: 10.2196/35643.

https://preprints.jmir.org/preprint/57332 [unpublished, non-peer-reviewed preprint]



JMIR Preprints lzumidaet a

Supplementary Files

https://preprints.jmir.org/preprint/57332 [unpublished, non-peer-reviewed preprint]



JMIR Preprints lzumidaet a

Figures

https://preprints.jmir.org/preprint/57332 [unpublished, non-peer-reviewed preprint]



JMIR Preprints lzumidaet a

Stratified health datain Japan.

¢ ﬁ"-._
F.

] . Increasing
Innr_easmg Individual Benefit
Population Impact /

Tier1. Semantic metadata to empower algorithm
for precision medicine

Tier2. FAIR data based on EMR-integrated PGHD
with an individual consent for the enhancement of research

Tier3d. Information on medical insurance, medical administration,
and taxation by Individual Number

https://preprints.jmir.org/preprint/57332 [unpublished, non-peer-reviewed preprint]



JMIR Preprints

The information circulation on S4S-Jinterface.
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FHIR bundle consists of EMR-integrated PGHD.
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UI/UX of web-app on mHealth system “M?Link”.
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$AS-Jon features to facilitate compatibility of information via QR codes.
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Upload of the EMR-integrated PGHD to the cloud data warehouse via QR codes.
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Displays to acquisition of dynamic e-consent.
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Set up data-sharing based on an individual's decision through dynamic e-consent.
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