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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

degcribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeed

Ti:t procedures used to develop this document and those intended for its further maijrte

diffferent types of ISO documents should be noted. This document was drafted in accordanc

ed
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For
pressions related to conformity assessment, as well:as information about ISO's adherence to the

ex
Wi
isd

torial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ention is drawn to the possibility that some of the elements of this document-may be the
fent rights. ISO shall not be held responsible for identifying any or all sugh patent rights.
y patent rights identified during the development of the document will’be'in the Introducti
the ISO list of patent declarations received (see www.iso.org/patents))

1stitute an endorsement.

an explanation of the voluntary nature of standards) the meaning of ISO specific

rld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see ww]
/foreword.html.

Thjis document was prepared by Technical Committee ISO/TC 215, Health informatics.
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Introduction

The increasing number of smart phones, mobile applications and remote monitoring devices combined
with EHRs, patient portals and PHR systems enhance the patient’s engagement in healthcare services.
However, patient health data, which are constantly created, recorded, gathered or inferred have not yet

been actively utilized at the point of care.

Specifically, un-coded data are too subjective and informal. In order to be applicable to clini

cal

environment, amblgulty should be minimized or eliminated, and more precise. The health- related data

should accura 2 :
PCD Rosefta work are one of candldates to accomplish thls goal For health related data to be relia

integrated into the process of diagnostic and therapeutic decision making, they should bequality-

assured, trusted in accordance to accuracy of measurements.

In terms pf safety and interoperability, AAMI/UL 2800 defined safety and related specifications

specifies MD interface characteristics to operate in safety conditions and focus on the mitigation of r
associated with interoperability within the Integrated Clinical Environment (ICE) and Interopera
Scenario ([IS). It might be complementary to ISO/IEEE 11073-20601, particularly in mobile environme
for improying care delivery, optimizing workflow and reducing ambiguity:.

Medical ngice (MD) interface to be labelled or declared as Interoperable Medical Device. The standard

The Pers¢nal Connected Health Alliance (PCHAlliance) released the “Continual Design Guidelines

(CDGs) to|enable the secure, private, reliable and accurate sharing of patient generated health d
with healthcare providers, built-on HL7 FHIR®Y (Fast Healthcare Interoperability Resourc

hta
ES)

specificatjons. The Continua Design Guidelines define an open; flexible framework for end-to-gnd
interopergbility and the convenient collection and exchange-of-clinical grade health data for improyed
health, wgllness and disease management. They are built oftexisting open, international standards and
specificatjons including ISO/IEEE deliverables, IEC deliverables, HL7 deliverables, USB and Bluetoagth.

The Interhational Telecommunication Union (ITU)-récognizes the Continua Design Guidelines as

an

internatignal standard for personal health systems*and makes them available for global adoption| in
the several languages. Valuable tools and resotirces support product certification via the Contirfua
Design Guidelines, including: the Continua Enabling Software Library (CESL), CODE for Healthcgre

and test tpol development, representing millions of dollars worth of software development created

by

Continua fo enable complete end-to-end functionality. PCHAlliance members have access to Contifjua
Certified Experts (CCE), pre-marketsinteroperability testing, Technical Operations Leads and brand
support fgr Continua Certified products. PCHAlliance also participates in a series of events around the
world to donnect members with buyers, as well as Plugfests, Summits and an online Product Showcgse

highlightipg Continua Certified products and services!18l,

Furthermpre, Health-relatéd data have in-depth relevance with IoT and related technologies because

health-relpted data aréuisually created by IoT devices. In order to ensure quality and safety of Heal

th-

related dqta along with [oT, the Standard Development Organizations (SDOs) should collaborate wiith

each othef more_effectively.

1) FHIR® is an example of a suitable product available commercially. This information is given for the convenience

of users of this document and does not constitute an endorsement by ISO of this product.

vi © IS0 2020 - All rights reserved
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Health informatics — Personal health data generated on a
daily basis

Fious modalities such as cell phones, smart phones, mobile applications and remote
deyices that are combined with EHRs, patient portals and PHR systems which can“wltimately be
applicable to a variety of healthcare service environments.

Thie Health-related data can be used to supplement existing clinical data, filling itmgaps in information
anfl providing a more comprehensive picture of ongoing patient healthcare.
2 | Normative references

Thlere are no normative references in this document.

3 | Terms and definitions
For the purposes of this document, the following terms<and definitions apply.
ISQ and [EC maintain terminological databases for<use in standardization at the following addiresses:

—| ISO Online browsing platform: available athttps://www.iso.org/obp

—| IEC Electropedia: available at http://www.electropedia.org/

3.1
assessment
measurement, evaluation or judgment for a study variable pertaining to the status of a subjed

—

3.2
bi¢metric
use of specific attriblites that reflect unique personal characteristics, such as a fingerprint, an eye
bldod-vessel print,©ra voice print, to validate the identity of entities

3.
clipician
heplth prefessional who delivers health services directly to a patient/client

3.
alterations or attributes of the health status of an individual which might lead to distress, interference
with daily activities, or contact with health

3.5
experience
facts, information and skills acquired through experience, reasoning or education

3.6
personal health data
personal data relevant to the health of an identified or identifiable natural person

© IS0 2020 - All rights reserved 1
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3.7
individual
single discrete entity

3.8
measure
collect quantifiable data about a function or process

3.9
monitor

medical desice anignnd to nr'qnirn’ dicp]ay’ rnr‘nrﬂ’ andllnr ana]ycn pafinnf data and tag alert r‘nrngiv:\rs

of events heeding their attention

3.10
observatjon
measurement of a single variable or single value derived logically and/or algebraicdlly”from other
measured or derived values

3.11
pain
health condition that results in some disability, pain and/or activity limitation

3.12
patient
synonym for a subject of care

3.13

symptom
untoward] medical occurrence in a patient or clinfcal investigation subject administered| a
pharmacdutical product that does not necessarily havesacausal relationship with this treatment

3.14
treatment
medical o surgical management of a patient

4 Use ¢ases of health-related.data

4.1 General

Health is more than healtheare. The County Health Rankings[20] are based on a model of communjity
health that emphasizes‘the many factors that influence how long and how well we live. According| to
the Countl Health Rankings Model, health factors help communities understand what will impact thieir
health in the futuré:\Health factors are composed of Physical Environment (10 %), Social and Econorhic
Factors (40 %), Health Behaviours (30 %), and Clinical care (20 %). The following are health-related
data use dases that patients / customers write or report in a non-hospital setting.

4.2 Patient Reported Outcomes (PRO)

4.2.1 General

A PRO is a health outcome directly reported from patient who experienced it. It is different from an
outcome reported by someone else, like physician-reported outcome, a nurse-reported outcome, and
so on. PRO methods, such as questionnaires, are used in clinical trials or other clinical setting, to help
better understand a treatment’s efficacy or effectiveness.

Incorporating the patient perspective through patient reported outcome measures is a crucial element
for clinical care, quality performance management and clinical research. PROs are any report coming
directly from patients regarding their health condition and treatment, including symptoms, functional
status and health-related quality of life. Some PRO measures are generic and appropriate for use in

2 © IS0 2020 - All rights reserved
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a wide range of conditions, while others focus on the specific symptoms and side effects of a given
disease, condition or treatment.

A PRO is a measurement based on a report that comes from the patient (i.e., study subject) about the
status of a patient’s health condition without amendment or interpretation of the patient’s report by a
clinician or anyone else. Symptoms or other unobservable concepts known only to the patient (e.g., pain
severity or nausea) can only be measured by PRO measures.

EXAMPLE Sheehan Disability Scale (SDS).

4.2- inies atainterehanse Standards-Consortiy Hestionhaires; Ratings,
Scale (QRS)

inical Data Interchange Standards Consortium is an open, non-profit organizatiofr thatf develops
supports global data standards to improve the quality and interoperabilityref-medical research
healthcare. CDISC standards are widely used for study planning and data ‘collection, tpbulation,
anplysis, and submissions to the US Food and Drug Administration (FDA) and 6ther regulatory agencies
inflernationally.

Qulestionnaires, Ratings, Scale instrument is a series of questions,(tasks or assessments used in
clinical research to provide a qualitative or quantitative assessment.6fa clinical concept or task-based
obkervation[1l.,

Questionnaire instruments are stored in the Questionnaires domain and are named, sfandalone
indtruments designed to provide an assessment of a concept. Questionnaires often have [a defined
stgndard structure, format, and content; consist of conceptually related items that are typically scored;
anfl usually document methods for administration and analysis. Questionnaires consist ¢f defined
qupstions with a defined set of potential answers. Most often, the primary purpose of questignnaires is
to penerate quantitative statistic to assess a qualitative concept. If the instrument is a Rating ¢r Grading
Scale in which the intent of the instrument is t@’evaluate a single body system, it would be stqred in the
mdrphology/physiology domain, which represents that body system. Other Rating or Gradjng Scales
related to multiple body systems and all €emposite Score type instruments would be represented as a
Clipical Classification in the RS domain:

Expmples of QRS:

—| 6 Minute Walk Test.

—| Airway Questionnaire.

—1| Alcohol Use Diserders Identification Test — Self-Report Version.
—| Alzheimeri$)Disease Assessment Scale - Cognitive (ADAS-Cog).

In fhe above example, how to provide QRS to the user conveniently is a matter to be solved by|Advanced
UIfUX and natural language processing technologies. FHIR questionnaire adoption is also expected to
enfure.interoperability of this kind of QRS data collected from cohort studies.

4.2.3 Patient Report Outcome Measures (PROMs)

In the UK, the National Health Service (NHS) collects survey data from patients who received specific
surgical treatment(2l,

a) Knee replacement.
b) Hip replacement.
c) Groin hernia.

d) Varicose veins.

© IS0 2020 - All rights reserved 3
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These PROMs data measure

— patient’s health status, and

— health-related quality of life at the single point.

This health status information is collected before and after a procedure and provides an indication of
the outcomes or quality of care delivered to NHS patients[3].

To facilitate the inclusion of PROs in the EHR, and address the barriers to doing so, a multidisciplinary
team was formed to develop this “Users’ Guide for Integrating Patient Reported Outcomes in Electronic

Health Re
1. What
2. How\
3. How
4. Whic

EHRs
5. Whic
6. How:
7. How,
8. How
9. How\
10. How
11. What
4.3 Sodg

cords”. [t addresses 11 key questions for integrating PROs in the EHR:
strategy will be used for integrating PROs in EHRs?
will the PRO-EHR system be governed?

an users be trained and engaged?

support identification of suitable patients?

1 outcomes are important to measure for a given population?
hould candidate PRO measures be evaluated?

where, and with what frequency will PROs be administered?
will PRO data be displayed in the EHR?

will PRO data be acted upon?

an PRO data from multiple EHRs be pooled?

are the ethical and legal issues?

ial Determinants of Health (SDH)

4.3.1 S¢cial Determinants of Health — In general

The social
among th
promotin
wealth, in
genetics)

The socia

determinants of health are linked to the economic and social conditions and their distribut
e population thatinfluence individual and group differences in health status. They are hea

fluence, and{power), rather than individual risk factors (such as behavioural risk factors
hat influenge the risk for a disease, or vulnerability to disease or injury[19],

These soc

jal'determinants of health include

W populations and patients are most suitable for collection and use of PRO data, and how dan

on
fth

b factors found~in/one's living and working conditions (such as the distribution of incorpe,

or

determinants of health are the conditions in which people are born, grow, live, work and ajge.

a) social gradients (life expectancy is shorter and disease is more common further down the social
ladder),

b) stress (including stress in the workplace),

c) early

childhood development,

d) social exclusion,

e) unem

ployment,

f) social support networks,

© IS0 2020 - All rights reserved
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addiction,
availability of healthy food,
availability of healthy transportation / active travel, and

religion, caste, all the social diversities.

4.3.2 Social Determinants of Health — At the local level

T

ere is widespread interest in the role of local social determinants of health at the local lev

1. Federal,

.StE
ing
pe
12
a)
b)
c)
d)
e)
f)
g)
h)
i)
j)
k)
1)
Ac
1mn
res

an

20
be

te, and local government agencies, academic institutions, and community organizg
reasingly recognizing the need to understand and address the socioeconomic contexts wit
bple work and play in order to improve their health and welfare.

dimensions of the social environment:
Economy
Employment
Education
Political
Environmental
Housing
Medical
Governmental
Public Health
Psychosocial
Behavioural
Transport

cording to the World Health Organization (WHO), the social determinants of health are the (
which people are-born, grow, live, work and age, and these are influenced by the way of W
ources are distributed [12]. It affects a wide range of health, functioning and quality of life
1 risks.

SDH domains covered in six of the most widely used SDH screening tools in the US (see Tak
bn identified, including the following:

tions are
hin which

onditions
realth and
butcomes,

)le 1) have

a)

the’) NAM’s 2014 Recommended Social and Behavioral Domains and Measures report, wh

lich is the

basis for the ONC Social, Psychological, and Behavioral data certification criterion for EHRs17;

b) the National Association of Community Health Center’s PRAPARE survey;

c) the Center for Medicare & Medicaid Innovation’s Accountable Health Communities (AHC) survey;

d) the Health Leads questionnaire36;

e) the University of Maryland’s SEEK tool37;

f) the WE CARE survey.

© IS0 2020 - All rights reserved
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Table 1 — SDH screening tools

Access to healthcare
Childcare

Clothing

Education

Employment

Finances
Ingome/poverty

Finlancial stress

—_

Food

Housing

Hopsing instability / insecurity

Hopising quality

Immigration / migration

Incarceration

Primary ldnguage
Race / ethfnicity

Residentigl address

Safety
Intjmate partner violence
Ch{ld abuse
Neighbourhood safety

Social conpections / isolation

Stress

Transportjation
Utilities

Veteran stjatus

General SDH (non domain-specific]

4.4 Observations ofPaily Living (ODLSs)

The Projgct Health)Design demonstrates how to improve participant’s health and well-being |by
capturing| and interpreting ODLs information[4l. ODLs include attending to cues such as the quantjity

and quality“of" sleep, the confidence one feels in self-management, the tenor of family dinmper
conversatjons, the cadence of speech, or the ease of doing daily tasks like opening a jar[4l, |

ODLs can be the following:

a) Quantity and quality of sleep;

b) Moods experienced in day-to-day life;

c) The ease with which an individual completes daily tasks;
d) Level of pain experienced throughout the day;

e) Fluctuations in day-to-day stress.

6 © IS0 2020 - All rights reserved
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ODLs provide subtle clues that individuals pay attention to as they monitor their health, a way for
patients to gauge how their health is progressing, and cues that alert patients that they need to take
health-related action.

Example Apps include:

— BreathEasy™ 2) App collects asthma-related patient data to aid patients in self-monitoring their
asthma.

=
=]
g
(¢]
I
I
I
I
I
I
I
I
I
I
I

-

a4 B

Patient Mobile App
Patient ODLs:

1

1

1

1

4 )
1

I

1

-

ysicians

« Peak flow rate
« Controller Med. Adherence
« Rescue Med. Usage

« Asthma Triggers

« Asthma Symptoms

e Activity Level/Types

« Depression Level

« Anxiety Level

« Sleep Patterns

«  Smoking Habits

Figure 1 — BreathEasy™ 2) application technical architecture diagram[5]

—| The Estrellita™ 2) App collects information fsom high-risk infants and their caregivers gnd allows
the caregivers to more easily interface with'clinicians to improve care and communicatidn.

zHome .- . _ _ __ ... Partner Providers (CHOC)
] | v :
1 1 I
| fA I |
1 1 I
! e 1 T |
: Estrellita . Public Health Nurse, |
i Weébsite /}. . Pediatrician, etc :
: Caregiver : Estrellita - :
1 . 1 Website I
1 ¢ 1 i 1
! i =1 1 I
! \ & I EDAC Case Manager |
: Infant Estrellita ' ~—-—1 A beccaooooo o ——————
' Mobile App : External Providers _ _ _ _ |
L} H 1 :
} =3 Weight : e - "
i wwco 1 N - :
1| « Appointments 1

1| « Bonding I ‘(v _ :
Il « Fussy-o-Met 1 I oy

'c S OQDeI el_- I Estrellita Healthcare |
! I Website Professionals !
1| « Mood Map 1 - —— e m— e — === |
1| « Stress Scale I * Mood Map - Caregiver may show Estrellita mobile app to
I 1 » Stress Scale

= PPD ; . PPD Both partner and external providers

Figure 2 — Estrellita™ 2) application technical architecture diagraml€l

2) BreathEsay and Estrellita are examples of suitable products available commercially. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of these products.
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The most important lesson that emerged was that user demand for personal health applications
revealed a greater need for day-to-day data (observations of daily living, ODLs) than for the relatively
static clinical record data. Through design and prototyping activities, grantees demonstrated the
feasibility of collecting and storing ODLs in a PHR, thus providing individuals with opportunities for
better informed and higher quality healthcare. These observations of daily living (ODLs) complement
traditional signs and symptoms of disease (e.g., blood pressure, shortness of breath) and highlight
the personal experience of health and disease.

4.5 Patient-generated Health Data

4.5.1 General

Patient-gdnerated Health Data are health-related data created, recorded, or gathered by |or frpm
patients (pr family members of other caregivers) to help address a health concernlZl.

a) Health history;

b) Biomg¢tric data;

c¢) Treatment history;

d) Patiept-reported symptoms;
e) Outcdme measures.

Patients dan view a series of reports such as "My Trends", "My~Measures", and "My Dashboard" that
integrateq multiple types of patient-generated health data,(surveys/PROs, mobile health apps, gnd
wearableg) to provide summaries of their data that can be used to better understand and monitor trends
and gain ipsights that might help them to manage their symptoms and health, and to facilitate comparisgns
to aggregate member data across the network and to novms established from aggregate data.

(=]

4.5.2 Meaningful Use Stage 3 Objective 6 — Coordination of Care through Patient Engagemen

These rulgs describe the use of communigations functions of certified EHR technology to engage wijith
patients of their authorized representatives about the patient's care.

The obje¢tive 6 (Coordination of(Care through Patient Engagement) in Meaningful Use Stagg 3
necessitafes that patients are able o provide patient-generated health data or data from a non-clinigal
setting, which is then incorporated into the EHR.

— Meastire; Patients must)“actively engage” with the electronic health record made accessible by the
provifler. This canbe.net by patients either: Using view-download-transmit (VDT) functionality to
interdct with theZEHR -or-Access their health information through the use of an API.

— Measlire; A seeure message was sent to the patient (or a message was sent in response to a secure
messagesSent by the patient).

D + PR B | el 1 ya 1y £ 1 1 et RN PR
- MeaS UI'C, I'dLICIITEZgCIICTI dLCU TICAILIT Udld (Ul Udld ITUIID d TTOII=CIHIIIC Al SCULITZ ) 1S TIHICOTI puldicU 1 1to

the HER.

PGHD included in the EHR is a) and b) below, and the activities of representative EHR companies are c)
and d) below.

a) Data from care providers such as nutritionists, physical therapists, occupational therapists,
psychologists, and home healthcare providers, in addition to data obtained from patients
themselves;

b) Apple’s Health Kit™ 3), the Google Fit™ 3) platform, Samsung® 3)SAMI;

3) This product is an example of suitable products available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of these products.
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c¢) Cerner -itwould integrate patient-generated health data through a partnership with Validic, which
markets a data integration engine focused on medical devices and fitness apps;

d) Epic-itwould begin consuming patient-generated health data through its “Open Epic” APl initiative.

4.5.3 Life Record

In South Korea, LifeRecord is platform that has been developed with the support of Ministry of Trade,
Industry and Energy, South Koreal8l. LifeRecord provides a digital health infrastructure based on personal
health records. It is a solution platform that can collect, store and exchange personal health record data
suctr=a edicatl care amd genoIe data ard tife tog ima variety of T€Tenviro & by imdividuals. It
supports financial-level security environment, disease-specific prediction algorithm an dpplication

programming interface. It is a cloud service type back-end system dedicated to digital h .

Thiis platform deals with not only Personal Health Record (PHR), but also Life log smgﬂ as the following.

a) | Activity Record (Step count, sleep data, calories); (1:\
b)| Health Record (Allergy, Medication, Disease, etc.); &Q~
c) | Physical Record (Blood pressure, Height, Weight, etc.); \%O
d)| Medical Record (Medical image, CCD). Q O\
O
Q 3rd Party Service
N\
que\ganﬁcs ‘; ﬁ Hospital
COVACE Service
SEe

N

- -

Recommendation

I Personalization

CDA/CCD Importer ||| Statistics & Data Mining
Secure API Ontology Reasoning

Figure 3 — LifeRecord ®3) Architecture Diagram

4.5.4 Pain Assessment Notifier

Pain Assessment Notifier is intended to improve performing surgery, medication and rehabilitation
treatments. Pain is a subjective experience and very individualised to the person experiencing it. There
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are many different types of pain, including neuropathic pain, somatic pain and visceral pain, which
can then also be either acute or chronic, depending on its duration. Pain assessment tools should be
chosen to reflect the type of pain the individual is experiencing. These assessment tools can use either a
unidimensional or multi-dimensional approach.

There are various pain assessment methods like Numeric Rating Scale (NRS), Categorical Scale, Pain
faces scale and Behavioural pain scale, etc.

ECAVEAVCAVEAVEAVEN
SIS A A -

0 2 4 6 8 10
NO HURT HURTS HURTS HURTS HURTS HURTS
LITTLE BIT LITTLE MORE EVEN MORE WHOLE LOT WORST
No pain Moderate pain Worst pain
0 1 2 3 4 5 6 7 8 9 10

M

Figure 4 — Pain faces scale & Numerical scale

ANAPA aplp collects information about on pain via a wearable’device on the following.
a) Locatjon of pain;

b) Type pf pain (sharp, burning, dull, tearing, cramping, pricking etc.);

c) Intengity of pain;

d) Freqyency and continuation of pain,-which patient feels.

(ANAPA)

[¢’]

yice (Sensing) UX/UI (Service) ‘ Platform (Algorithm)
O

oD

Big data analysis,

E "(C: .49 L ® tion notification
ith Qm forecast
social media
L | -

= - "
The frequency of pain, | lte

Strength (w/time)
— | o — -
! ‘ The frequency of pain, strength,
health information, location, weather,

1§ personal disease information e R
| — & TN
e Amount of activity, body ¢ Transmission of pain information A - q
i . . Position, pain based on the weather
temlp;era:lure, fumiditystiazeld and health information information & Health information
weeks/charge) ¢ Various prognosis analysis related DB construction (PHR)
e Health care, sleep management to pain, such as analysis and . .
managemelllt o ;)ain 2 i medication notification of the © It prov;des advanced b.‘g data
probability of occurrence of pain analysis platform service

+ Feedback through the use of social
media

Figure 5 — ANAPA ®3) system configuration!?]
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4.5.5 Score Card Tool for Health Metrics Transparency

This comprehensive assessment enables patients to view medical information in one concise,
informative grid.

a) The DXDI scorecard, an 11-dimension by 5-level grid, is created for each diabetes patient and
enhances their understanding and engagement.

G Chronic Health Index (CHI)

Symptomatic Albuminuria 1&3e): +PAD
8-8,9 & SBP 300-999 - \ Minimal

(64-74 + Structural 131-160 140-149 or Proliferative - & Assist

- e . +/- 0
mmol/mol) l:leart DBP <90 Egfr 30 Moderat mation NE Aty 75 %
Disease 60

Figul@j(y) — The Diabetes Cross-Disciplinary Index (DXDI)

The DXDI is a pi ial representation of diabetes-relevant health domains, including| glycemic
coptrol (HbA@W-density lipoprotein cholesterol (LDLc) level, systolic blood pressyre (SBP),
d

anfl diastolic pressure (DBP); kidney health (urinary albumin-to-creatinine ratio (UACR) and
estimated erular filtration rate (eGFR)), retinal health (dilated retinal scan), periodontal health
(sde belo@ oot health, functional independence measure; as well as body mass index (BMI), waist

diseaseJ. g 1, perlo ontal health
(probing depths (PD) <3 mm and bleeding on probing (BOP) <15 % of sites); 2, gingivitis/incipient
periodontitis (PD <4 mm and/or BOP >15 % of sites); 3, mild-moderate periodontitis (PD = 5 mm
at 21 site); 4, localized advanced periodontitis (PD =6 mm at <30 % sites); and 5, generalized advanced
periodontitis (PD 26 mm at >30 % sites). CVD, cardiovascular disease; PVD, peripheral vascular disease.

Periodontal data are integrated into the balanced health scorecard, Figure 6. DXDI, to promote precision
healthcare for people with diabetes. Periodontal health status is stratified in the following manner: 1,
periodontal health (PD <3 mm and BOP <15 % of sites); 2, gingivitis/incipient periodontitis (PD <4 mm
and/or BOP >15 % of sites); 3, mild-moderate periodontitis (PD = 5 mm at 21 site); 4, localized advanced
periodontitis (PD 26 mm at <30 % sites); and 5, generalized advanced periodontitis (PD 26 mm at >30 %
sites). Other DXDI domains incorporate validated staging criteria for their respective aspects of health
and disease.
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5 Categorization of health-related data

Health-related data of Clause 4 are divided into patient-generated indirect data, patient-generated
direct data, patient and provider generated combination data. The patient-generated indirect data is
made by questionnaires at the request of other individuals or organizations not necessarily tied to any
data generated through patient-worn or controlled technologies. The patient-generated direct data is
made by wearables, apps, remote monitoring, and questionnaires. The patient and provider generated
combination data is made by both patient and provider who contribute data to the overall data picture
like cloud-based platforms. Also, it could be divided into coded and un-coded data elements by the
criterion of whether health-related data can be represented by Health IT standards.

5.1 Pat

511 Q
The Quest

a) HL7H
relate

jent-generated indirect data

lestionnaire report

d to patient-generated indirect data.

5.1.2 Sociality

5.1.2.1

SDH

ionnaire report can be represented by the following:

HIR Questionnaire resource, which is suitable for expressing the resultdata of questionnaires

The sociality is measured by analysing the environmental factérs’'such as national assets and technolqgy

developm
education]
Table 2.

ent. The representative elements are economic,theighbourhood & physical environmdnt,
food, community & social context and health-care system. The detail elements are showr] in

Table 2 — Detail elements of Social Determinants of Health[1Z]

|

Klement

Detail element

Economic

Employment

Income

Expenses

stability

Debt

Medical bills

Support

Neighborh
physical e

Housing

Transportation

ood.amd

Safety

hyironment

Parks

Playgrounds

Walkability

Education

Literacy

Language

Early childhood education

Vocational training

Higher education

Food

Hunger

Access to healthy options

12
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Table 2 (continued)

Element Detail element

Social integration

Community and social Support systems
context Community engagement
Discrimination

Health coverage

Provider availability

Hgatthrcare system i i I
Provider linguistic and cultural(Cempetency

Quality of care

5.2 Patient-generated direct data

5.2.1 Breath capacity
Thie breath capacity can be represented by the following:
a) | HL7 FHIR DiagnosticReport resource;

b) | HL7 CDA, Vital signs observations entry (template id: 1.3:6.1.4.1.19376.1.5.3.1.4.13.2) usjng LOINC
codes 41935-8 (Peak flow meter);

c) | THE PCD profile;
d)| ISO/IEEE 11073-10421.

5.2.2 Calories
Thie calories ingested can be represented by the following:
a) | HL7 FHIR NutritionOrder resourge;

b)| HL7 CDA, Vital signs observations entry (template id: 1.3.6.1.4.1.19376.1.5.3.1.4.13.2) usjng LOINC
codes 75298-0 (Calories/intake) and 55424-6 (Calories burn);

c) | IHE PCD profile;
d)| IEEE 11073-10441.

5.2.3 Bloodjpressure

Thie blogd:pressure can be represented by the following:

a) | &@L.7 FHIR Observation resource;

b) HL7 CDA, Vital signs observations entry (template id: 1.3.6.1.4.1.19376.1.5.3.1.4.13.2) using LOINC
codes 35094-2 (Blood pressure);

c) [IHE PCD profile;
d) ISO/IEEE 11073-10407.

5.2.4 Blood sugar
The blood sugar/glucose can be represented by the following:

a) HL7 FHIR Observation resource;
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b) HL7 CDA, Vital signs observations entry (template id: 1.3.6.1.4.1.19376.1.5.3.1.4.13.2) using LOINC

codes

41653-7 (Blood glucose);

c) IHE PCD profile;

d) ISO/IEEE 11073-10417.

5.2.5 Cholesterol

The cholesterol can be represented by the following:

a) HL7 HHIR Observation resource;
b) HL7 (DA, Vital signs observations entry (template id: 1.3.6.1.4.1.19376.1.5.3.1.4.13.2) using-LOINC
codeg8480-6 (intravascular systolic) and 8462-4 (intravascular diastolic);
c) [IHE PLCD profile;
d) IEEE [11073-10441.
5.2.6 Step count
5.2.6.1 [Health design
The step ¢ount is measured through kilometres or miles per day“from fitbit equipment in the projgect
health degign. The data type is shown in Table 3.
Table 3 — Health design physical activity (step count) ODL types
. Observations of Daily Living
Services (ODL) Type Method Frequency
Levels/t f .
Breath Easy[11] p}el‘}lliizéll};r():(:isv(i)ty Accelerometer & self-report Daily
. o Fitbit measures, in kilometres .
Q )
Chronology.MD[12]  |Physical activity or miles per day Daily
5.2.6.2 |[PROMs
The walking time is measured,in the PROMs through self-questionnaire report. The data value ranges
from 0 to  and 9 and valug-set is shown in Table 4131,
Table 4 — PROMs walking data values
Valye Meaning

0 Not at all - pain severe on walking

1 Around the house only

2 5-15 minutes

3 16-30 minutes

4 No pain/ more than 30 minutes

9 Missing
5.2.6.3 Life record

In the project life record, steps, distance and floors are measured and fitbit equipment is used and the
data elements are shown in Table 5.

14
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Table 5 — Fitbit activity data elements[14]

Data element

Steps

Distance

Floors

5.2.7 Sleep data

5.2.7.1 Health design

In |project health design, sleep data are measured by a self-questionnaire on a Likert scale

voluntarily completes the questionnaire via a health design app.

The user

1. Please indicate the total number of hours you slept last night during the 8-hour period
from 11:00 PM. to 7:00 A.M.

hours

2. Please rate the quality of your sleep by circling the appropriate-tumber on the following

3. Comments:

scale.

1 2 3 4 5 6 7
Poorly: Average: Restful:
disrupted slept sound
sleep fairly sleep

well

5.2.7.2 Life record

In the project life record, sleep data are measured by an app, such as fitbit. The detail data ele

shown in Table 6.

Figure 7 — Self-questionnaire on Likert scale for sleep data

Table 6 — Fitbit sleep data elementsl13]

ments are

Data element

Awake count

Minutes asleep

Awake duration

Minutes awake

AwaKenings count

Minutes to fall asleep

Date of sleep

Restless count

Duration

Restless duration

Efficiency

Start time

Is main sleep

Time in bed

Minutes after wakeup

© IS0 2020 - All rights reserved
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5.2.8 Stress

5.2.8.1 Health design
The project health design develops their self-questionnaire on a Likert scale or using other applications.

The user voluntarily completes the questionnaire via a health design app. The detail data are shown in
Table 7.

Table 7 — Health design stress ODL types

. Observations of Daily Living
Services (ODL) Type Method Frequency,
SDub]ectlye levels of symptoms - Self-report - emoticon Daily
epression
Breathe Easy Subiective levels of
Au jective levels of symptoms - Self-report - emoticon Daily
nxiety
Chrorology.MD Stress level Self-report, Likert scale Daily
Infant fussiness Caregiver-reported As needed
Caregiver mood Intel mood map As needed
Estrkllitalle] . Perceived stress se¢ale from
Caregiver stress Mind Garden Monthly
Post-partum depression Edlnburgh Postpartum Monthly
Depression Scale

5.2.8.2 |PROMs

In PROMs| the stress data are measured by the frequency of feeling restricted while performing sodial
activities.|The data value ranges from 1 to 5 and 9 andvalue set is shown in Table 8.

Table 8 — PROMs stress data values

Valye Meaning
1 All of the time
2 Most of the time
3 Some of the time
4 A little of the'time
5 None ofthe'time
9 Missing

As shown|in 5.1 and’5.2, in order to make meaningful use of the health-related data generated by the
non-Healthcaré Rrovider Organization, the data of high utilization stored by the Healthcare Providler
Organizatfions'can be used in the cloud under patient's consent, see 5.3.

5.3 Patient and provider generated combination data

5.3.1 Allergy
The allergy data can be represented by the following:
a) HL7 FHIR Allergylntolerance resource;

b) HL7 CDA Allergy and Intolerance concern entry (template id: 1.3.6.1.4.1.19376.1.5.3.1.4.5.3);
c¢) HL7 V2 Message AL1 segment.
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5.3.2 Medication

The medication can be represented by the following:

a) HL7 FHIR Medication resource;

b) HL7 CDA Medications entry (template id: 1.3.6.1.4.1.19376.1.5.3.1.4.7);
c) ISO 21549-7.

5.3.3 Disease

Thie diseases can be represented by the following:
a) [ HL7 FHIR Condition resource;

b)| HL7 CDA Problem entry (template id: 1.3.6.1.4.1.19376.1.5.3.1.4.5) that represent diseasg¢s code on
ICD-9CM;

c) | HL7 V2 Message DG1, PRB.

5.3.4 Vaccination
Thie vaccination can be represented by the following:
a) | HL7 FHIR Immunization resource;

b)| HL7 CDA, Immunizations entry (template id; “1.3.6.1.4.1.19376.1.5.3.1.4.12) that |represent
vaccination code on CPT-4 (Current Procedure Terminology 4);

c) | HL7 v2 Message VXQ, VXR, VXU, VXX.

5.3.5 Medical image report

The medical image is represented by-Digital Imaging and Communications in Medicine (DICOM) which
is ¢ standard for handling, storing, printing, and transmitting information of medical imaging

A

Unllike 5.1, 5.2 and 5.3, 5.4 and 5.5 are divided into coded data elements which can be expressed as
ex]sting well-developed standards and uncoded data elements which cannot be expressed ds existing
wdll-developed standards.:In particular, since selected uncoded data elements are highly utilized, they
myst be urgently developed as coded data elements with standardization.

5.4 Coded data elements

5.4.1 Questionnaire report

Thle gueéstionnaire report can be represented as in 5.1.1:

5.4.2 Allergy

The allergy data can be represented as in 5.3.1.

5.4.3 Medication

The medication can be represented as in 5.3.2.

5.4.4 Disease

The diseases can be represented as in 5.3.3.
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5.4.5 Vaccination

The vaccination can be represented as in 5.3.4.

5.4.6 Medical image report

The medical image is represented by Digital Imaging and Communications in Medicine (DICOM), which
is a standard for handling, storing, printing, and transmitting information of medical imaging.

5.4.7 Breath capacity

The breath capacity can be represented as in 5.2.1.

5.4.8 Calories

The calorjes ingested can be represented as in 5.2.2.

5.4.9 Blood pressure

The blood pressure can be represented as in 5.2.3.

5.4.10 Blood sugar

The blood sugar/glucose can be represented as in 5.2.4.

5.4.11 Cholesterol

The cholejterol can be represented as in 5.2.5.
5.5 Unijcoded data elements
5.5.1 Step count

5.5.1.1 [Health design
See 5.2.6.1.

5.5.1.2 |[PROMs
See 5.2.6.

T

5.5.1.3 [Life record
See 5.2.6.8.

5.5.2 Sleep data

5.5.2.1 Health design
See 5.2.7.1.

5.5.2.2 Life record
See 5.2.7.2.
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