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Abstract

Objective: Population health management (PHM) is a promising data-driven approach to address the challenges faced by health care systems
worldwide. Although Business Intelligence (Bl) systems are known to be relevant for a data-driven approach, the usage for PHM is limited in its
elaboration. To explore available scientific publications, a systematic review guided by PRISMA was conducted of mature Bl initiatives to investi-
gate their decision contexts and Bl capabilities.

Materials and Methods: PubMed, Embase, and Web of Science were searched for articles published from January 2012 through November
2023. Articles were included if they described a (potential) Bl system for PHM goals. Additional relevant publications were identified through
snowhballing. Technological Readiness Levels were evaluated to select mature initiatives from the 29 initiatives found. From the 11 most mature
systems the decision context (eg, patient identification, risk stratification) and Bl capabilities (eg, data warehouse, linked biobank) were extracted.

Results: The initiatives found are highly fragmented in decision context and Bl capabilities. Varied terminology is used and much information is
missing. Impact on population’s health is currently limited for most initiatives. Care Link, CommunityRx, and Gesundes Kinzigtal currently stand
out in aligning Bl capabilities with their decision contexts.

Discussion and Conclusion: PHM is a data-driven approach that requires a coherent data strategy and understanding of decision contexts and
user needs. Effective Bl capabilities depend on this understanding. Designing public-private partnerships to protect intellectual property while
enabling rapid knowledge development is crucial. Development of a framework is proposed for systematic knowledge building.

Lay Summary

Healthcare systems around the world are experiencing increased demands and staff shortages due to aging populations. To avert a crisis, an
approach called Population Health Management (PHM) is being implemented. PHM targets interventions, such as dietary advice or exercise
programs, to meet the needs of specific populations to prevent or manage diseases. Data plays a crucial role in tasks like identifying at-risk pop-
ulations, targeting interventions and monitoring effectiveness. However, there has been a lack of comprehensive scientific research on how to
design, develop, and implement the needed, often commercially developed, data solutions. To address this gap, a systematic review of the sci-
entific literature was conducted. Eleven mature initiatives were identified and their goals and implementation were reviewed. The review of the
scientific descriptions showed significant variation, missing information, and limited impact on staff shortages. To successfully implement
PHM, a more strategic approach to data solutions is required. This involves specifying the role of data at each task, as well as detailing the nec-
essary technological and organizational aspects. Given the commercial nature of many solutions, public-private partnerships are essential.
Developing a framework to systematically and rapidly build knowledge is crucial to avert the impending crisis.

Key words: population health management; management information systems; artificial intelligence; business intelligence; data-driven.

Introduction individual patient experience while reducing cost growth, the

Health care systems are under pressure, due to an aging pop-
ulation, changing health care demands and an increase in
technological possibilities.! Simultaneously, in multiple coun-
tries, aging causes a shrinking labor force and a growing care
demand, rising health care expenditure per capita and caus-
ing staff shortage. Furthermore, fragmented governance,
resulting in or caused by financing silos, hinders effective
response to this development.”

Population health management (PHM) is recognized as an
approach to simultaneously improve population health,

so called Triple Aim.? Whereas in public health community-
wide efforts, policies and programs are used, PHM targets
interventions based on specific population needs. PHM is
data-driven using data analytics for population needs assess-
ment, population segmentation, risk stratification, impacti-
bility ~modeling, and evaluation. Successful PHM
implementation requires coordinated efforts and data-driven
strategies across organizations and sectors.* The ultimate
goal is to create a learning health system that provides
insights into past and anticipated events, helping
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policymakers to create the necessary conditions to improve
population health and enable professionals to take the right
actions at the right moment.'%-!!

In order to realize this data-driven approach, information
systems are needed. The PHM papers cited in the paragraph
above employ various terms to describe the data-driven
approach. Given the different descriptions and definitions, it
is assumed that the statement “PHM requires a data-driven
approach” is ambiguous.'*'? Laudon and Laudon describe 2
main types of information systems: Transaction Processing
Systems that keep track of elementary activities to get
patients smoothly through the system, like Electronic Health
Records (EHRs) or Care Management Systems, and Business
Intelligence (BI) systems which support decision making on
different levels.'* For PHM, various types of tools may be rel-
evant. Care management systems track patients across differ-
ent care providers, while risk stratification tools identify risks
for populations and individuals and biobanks facilitate
research into genetic factors. BI systems provide automated
and ongoing insights from collected data to policymakers and
professionals, focusing on aspects such as the health of
diverse populations and the outcomes of interventions. This
can lead to overlapping functionalities between different
types of systems.

The definition of BI develops since the first use in the
1950s."® According to Brooks et al, the current definition
contains organizational processes, business processes and
data governance, next to the technical tools and processes to
store and use data from multiple sources in a data warehouse
with graphical tools."> Volumes of data processed by BI sys-
tems grow with the introduction of eHealth devices and the
use of unstructured data increases. These developments
require new approaches, both in technical and in organiza-
tional terms. Another crucial factor for a successful BI imple-
mentation is the understanding of and the alignment with the
decision context.'® Decision context refers to the circumstan-
ces, setting, or environment within which a decision is made.
This context could include relevant information, constraints,
goals, risks, stakeholders, and other elements affecting the
decision-making process. The value of BI capabilities depends
on their usability in this process.

Supporting decision processes with BI and creating the
needed BI capabilities, in technical and organizational terms,
is complex within a health care organization.'” To realize a
data-driven approach within a PHM context is even more
complex. In many countries the required source data from
EHRs are organization specific, resulting in fragmented
insights into individuals’ health. The governance needed to
develop, implement, and support the BI system interorganiza-
tionally is therefore complex. Furthermore, multiple interact-
ing barriers ranging from technical to intangible issues,'®
such as legal, ethical, and political barriers, impede progress
in population health data sharing.

Often, healthcare BI systems are developed commercially
or by health authorities, potentially limiting opportunities for
international knowledge building. Intellectual property of
commercial products may lose value when information is
shared, while authorities have different priorities. Not pub-
lishing about these tools leads to intransparency, limited vali-
dation, and the risk of many premature and overlapping
tools. Given the rapid pace at which most countries are con-
fronting a healthcare crisis and the complex context in which
a BI system for PHM must be implemented, sharing evidence
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is essential. Despite organizational differences between coun-
tries, overarching lessons still can be learned.

In this paper a first exploration is provided to investigate
which scientific knowledge is available regarding BI systems
for PHM. A better understanding of the decision context and
capabilities of BI in the PHM setting is needed. Therefore this
review creates an overview of existing mature systems
described in scientific literature, as such an overview of BI
systems for PHM is currently missing.

The following research questions are addressed:

1) In which decision contexts are scientifically described
more mature BI systems for PHM used?

2) Which BI capabilities, in terms of techniques and organi-
zation, are realized to develop and operate these BI
systems?

Methods

Selecting mature Bl systems

Search strategy and information sources

To identify as many initiatives as possible that implemented a
BI system for PHM, the scientific literature was reviewed. The
PRISMA framework guided the process to ensure validity and
reliability.' A librarian-assisted search strategy was developed
for PubMed, Embase, and Web of Science for articles pub-
lished from January 2012 through 18th of November 2023.
Diverse search terms from both technical and application per-
spectives mitigated terminological variation risk. The search
string combined technical keywords, including “information
system,” “business intelligence,” and “learning health system,”
with application-oriented keywords such as “population
health” and “accountable care organizations.” Clinical studies
were excluded. The full search strategy is reported in the Sup-
plementary Appendix S1.

Additional relevant articles were identified through back-
ward and forward snowballing of relevant articles and sys-
tematic reviews. Also initiatives from the information and
research chapters of the SELFIE2020 thick descriptions were
used as search term to find publications about the initia-
tives.”0~%7

Study selection

First, duplicates were removed. Articles were excluded if they
were commentaries, reviews. Two researchers independently
screened the remaining articles for eligibility based on the title
and abstract. Eligible articles, written in English, German, or
Spanish, met the following criteria:

1) Describe an automated information system or scalable
idea/prototype, not a one-time analysis or model devel-
opment/validation;

2) Specify that the information system is designed to
achieve one or more of the PHM-goals;

3) Describe the (intentional) use of the information system
in an integrated care setting;

4) The (intended) system is a BI system, not an EHR, Per-
sonal Health Record or a survey system.

Articles were grouped in the categories eligible and non-
eligible. Differences were discussed and, if there remained
any doubt, the full-texts were retrieved to reach consensus on
whether or not to include the article.

920z Jaquiardas g0 uo 1s8nb Aq | ¥8606./22 L8800 // /al0ne/usdoelwel/wo dno-olwspese woll papeojumoc]


https://academic.oup.com/jamiaopen/article-lookup/doi/10.1093/jamiaopen/ooae122#supplementary-data
https://academic.oup.com/jamiaopen/article-lookup/doi/10.1093/jamiaopen/ooae122#supplementary-data

JAMIA Open, 2024, Vol. 7, No. 4

System maturity

Comparing existing information systems requires under-
standing of the maturity of the systems, since a system in pro-
duction has other characteristics then a system in
development. The Technology Readiness Levels (TRLs)
methodology from the work of John C. Mankins®® was trans-
lated to BI systems for PHM in Table 1. For this review the
more mature systems, TRL 6 or higher, were included with
the completeness of information about the systems in mind.

Decision context: goals and user groups

To analyze the decision context of the BI system requires
understanding of the goals for which the system is used as
well as insight in the type of person who makes the decision.
Unless there is ambiguity with the definition of PHM,? there
is consensus on several overarching elements, such as impact-
ing social determinants and focusing on population differen-
ces. The following PHM objectives, combined from the work
of Washington and Steenkamer,”” were used to group the
goals of the BI systems:

* Patient Population Identification is the capability to find and
define specific populations for a specific PHM initiative.

e Triple Aim Assessment represents the determination of the

health for a specific population from different angles (eg,

self-reported health, claims, clinical documentation) and

the assessment of the experience of care (quality and satis-

faction) and the costs of care.

Risk Stratification is the process of dividing populations

into meaningful risk categories for person-centered inter-

vention targeting.

* Engagement refers to the active involvement of individuals
in their health care decisions and management.

Table 1. Translation of technology readiness levels to the PHM domain.

* Patient-centered Interventions are defined for the different
subpopulations in the whole care continuum, from preven-
tion to palliative care, based on the expected impact.

Impact Evaluation and quality improvement is the ability
to evaluate the outcomes of interventions to be able to define
improvements.

Multiple user groups may benefit from the BI systems to
reach the PHM goals listed above. The users were divided in
4 groups, based on the levels of the Rainbow model*’:

* Clinical: Health care professionals use information for the
coordination of care for an individual patient.

Professional: Health care professionals exchange informa-
tion with other professionals within and outside their
organizations to reach the Triple Aim for specific groups of
patients.

Organizational: Health care organizations use information
to collaborate to improve health on the organizational level
to reach the Triple Aim.

System: Information is used to design the health/social sys-
tem, for example, via paying models and laws and
regulations.

Bl capabilities

The systems and their governance are evaluated on the fol-
lowing categories and subcategories”’“;

* Technical solution consists of the following 4 components:
General Architecture and Infrastructure, Data Modelling,
Data processing, and BI Applications.

* BI Organization and Processes dimension comprises the
subcategories: Development and Operation.

Level Phase General description Translated description for PHM information systems®
TRL 17 Discovery Basic principles observed and reported Useful techniques/algorithms are described, eg, distrib-
uted computing as a concept.
TRL 2 Technology concept and/or application Potential application in PHM for a technique or algo-
formulated rithm is described
TRL 3 Analytical and experimental critical func- A proof of concept of a technique or algorithm is made
tion and/or characteristic proof-of-concept in a research context
TRL 4 Development Component validation in a laboratory A development version of a (sub)system is made in a
environment research context with real data collected in a project
setting
TRL 5 Component validation in relevant A development version of a (sub)system is tested in a
environment research context with real data in a scalable setting,
data collection largely automated
TRL 6 System/sub-system model or prototype A development version of a (sub)system is tested in a
demonstration in a relevant environment region with real data which are refreshed frequently
for a test population and is tested by a number of pro-
fessionals and citizens
TRL 7 Demonstration System prototype demonstration in the The system is tested in a region with real data of the
expected operational environment subpopulations and is tested by a number of organiza-
tions, professionals, or citizens in the desired workflow
TRL 8 Actual system completed and “qualified” The improved system is used in a region with real data
through test and demonstration of the whole population and is used by most organiza-
tions, professionals, and patients
TRL 9 Deployment Actual system “flight proven” through suc- Through use of the system, health is promoted and

cessful mission operations

inequalities across whole populations are reduced

? TRL: Technology readiness level

> PHM: Population Health Management
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Within these subcategories more detailed aspects were
defined: General Architecture and Infrastructure was split into
the type of BI system, the kind of source data used and the phys-
ical security measures. Data modelling is divided into the design
levels used, the database (or other) technology used to model
data and the data standards (eg, ICD-10) used. Data processing
contains the load frequency and the amount of data loaded in
terms of population size. BI applications describes whether ret-
rospective, real-time of prospective data is used, which algo-
rithms are used and which front end tool is provided to the end
users. Development refers to insights about project manage-
ment, the development team, the procedural approach adopted
and the funding for the development phase. Operation contains
the number of users, the business processes in which the system
is used, the measures and processes to guarantee privacy, the
service processes and the long term funding,.

Data extraction and synthesis

The following information was extracted for all selected papers:
first author, year of publication, country, publication type,
name of initiative, and description of maturity. Next, the TRL
of initiatives was determined and reviewed. The full-text articles
of initiatives with TRL 6 or higher were assessed by 2 reviewers
on descriptions of the decision context and the BI capabilities.

Results

Selection of mature Bl systems

Figure 1 shows the study selection flow diagram. 1225
articles were identified from which 44 publications were
assessed for eligibility. Forward and backward snowballing
yielded an additional 8 papers. After removal of duplicates
and non-eligible articles, the final sample consisted of 33

JAMIA Open, 2024, Vol. 7, No. 4

studies containing 31 articles and 2 book chapters. The stud-
ies described 29 unique initiatives.

Table 2 contains the 29 unique initiatives and their TRL.
The initiated framework for maturity was quite applicable,
whereas the systems are relatively well-described. However
the roadmap for the intended implementation, the desired
usage in practice and the value for the health of the popula-
tion is often lacking, which makes it hard to classify the exact
maturity level. The decision tree used by the reviewers is
included in the Supplementary Appendix S1. Eleven systems
were classified with TRL 6 or higher: three systems were cate-
gorized as having demonstrated value (TRL 9), five systems
were in the demonstration phase (TRL 8), and three systems
were at the end of the development phase (TRL 6). The
remaining 16 systems are classified in lower TRL levels.
Notably, 2 of the 3 TRL 9 initiatives show a symbiotic rela-
tionship between transactional and BI characteristics, as the
insights generated by BI have been successfully integrated
into the operational workflows.

Systems with proven value

The 3 systems with TRL 9 differ from each other. The Care
Link system supports data-driven care management for many
diseases and chronic conditions to ensure that the patient
experience is seamless in the transition between inpatient and
outpatient settings. The system provides longitudinal care
management to address evidence-based secondary prevention
goals, real-time admission, discharge and abnormal labora-
tory test-result notifications, and proactive real-time identifi-
cation of individuals most at risk or in need of attention.
CommunityRx is an e-prescribing module for community
care based on integrated data. Prevalent social and medical
conditions in the population are mapped to community
resources. Using a smartphone application, youth workforce

[ Identification of studies via other methods J

Reports not retrieved

v

Reports excluded:

A4

[ Identification of ies via and regist
T
Records identified from*: Records removed before Records idontfisd frofm:
screening: ; -
é PubMed (n = 422) Snowballing (n = 6)
© > Duplicate records removed (n =
£ Embase (n = 820) - 283) SELFIE (n=2)
=
c
3 Web of Science (n = 266)
I
o
Records screened Records excluded**
—>

(n =1225) (n=1181)

Reports sought for retrieval Reports not retrieved Reports sought for retrieval
£ (n=44) (n=0) n=8) (n=0)
s
I !

]
Reports assessed for eligibility Reports excluded: Reports assessed for eligibility
(n=44) . Document type (n=28) (n=0)
(Poster/symposium/opinion)
(n=7)
Criteria (no (intended) IS
described, goals, low income)
) =
v (n=12)
Ve
Studies included in review
o
=29 ¢
§ (n=29)
T:’ Reports of included studies
(n=33)
)

Figure 1. PRISMA flow chart.
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Table 2. Information systems and their TRLs.

Initiative name, Year, Country

Technology readiness level (TRL) estimation arguments

TRL

Care Link, 2017, United States®?

33,34

CommunityRx, 2016, United States

Gesundes Kinzigtal, 2016, Germany>*>3°

Andalusian health population database, 2020,
Spain®”

GARDE, 2022, United States®

Rhone-Alpes regional health platform, 2012,
France**

The Hub Population Health System, 2012,
United States*!

PHATE, 2020, United States**

Estonian biobank, 2015, Estonia*>***

PopHR, 2017, Canada®

Primary Sense, 2020, Australia*®*”

National RHS database, 2016, Singapore*®
Query Health, 2014, United States*’

SeVa, 2021, United States®

MEMPHI-SYS, 2023, United States®!

Mental Health, 2023, Italy>>

EURO-HEALTHY PHI, 2020, Europe’®

MDPHnet, 2014, United States®*

POHEM, 2015, Canada®’

*Care Link interventions have shortened hospital lengths of stay and directed a
greater volume of patients to return home directly after their hospital stays *There
was a reduction in readmissions after 90 days

*Implementation at 33 clinical sites for 37 prevalent health and wellness condi-
tions *253 479 personalized HealtheRX “prescriptions” were generated
*Participants found HealtheRx very useful in a 20 month evaluation period
around 2013 *CommunityRx has been developed and iterated over more than a
decade using an asset-based community-engaged approach

*The very high levels of investment have paid off and without this investment the
ever growing 7 figure savings contract results produced by GK would not have
happened®

*The system has more than 300 users with a management and public health pro-
file *Started giving access to primary care professionals with access to their
patients’ nominal data to support care management *Reached value for popula-
tion health not described

*Multi-site validation demonstrated GARDE’s standards based design identifying
42 000 patients who met criteria for genetic testing *Reached value for popula-
tion health not described”

*111 sites were feeding regional records in 2011 *Reached value for population
health not described

*Coverage in 2012 will be 2.5 million New Yorkers *Reached value for popula-
tion health not described

*Pricing information is available on the website *PHATE would benefit from fur-
ther evaluation of its utility for education and clinical care *Reached value for
population health not described®

*Future plans include linking the genome center database with the national health
information system in real time, as well as using the data form piloting personal-
ized medicine *Estonia had just finished 2 pilots on personalized medicine (manu-
scripts in preparation) *In the longer term the plan is to genotype most of the
population allowing the development of more precise genetic instruments for
medical decision making

*The system is available for a small number of test users

*Formal live testing of the system was completed in 9 practices *The next phase
of this project is now underway to further trial the scalability and change manage-
ment requirements for full implementation

*Data linked in a anonymized database *Used by researchers

*Deployed at 3 pilot sites (1) New York 3 test systems (2)Within the MDPHnet
project, Query Health is still used (3) In FDA’s mini sentinel project 3 months suc-
cessful test run *The present reference implementation provides a common set of
components

*The digital platform developed is currently being evaluated within a hospital set-
ting *Does not involve human subject use and evaluation at this time

*Data warehouse created for MEMPHI-SYS will promote broader application of
practical, hypothesis-driven interventions to reduce health and social risks in dis-
advantaged neighborhoods *Collaboration with another institution holds prom-
ise to reduce longstanding health disparities well past the current pandemic’s end

*Four MHDs from three Italian participated in this pilot project to explore geo-
graphic variations in care and the feasibility of introducing bundled payments®

*The EURO-HEALTHY research project collected and systemized a vast amount
of data for 80 indicators *Developed an open access user-friendly WebGIS plat-
form *The evidence has the potential to create windows of opportunity—which
could evolve into learning networks'

*2 proof-of-concept queries demonstrate MPDHnet’s capacity to enhance routine
public health surveillance and evaluation *There are several options for funding a
network like MDPHnet

*Most examples discussed in paper come from the POHEM model of cardiovas-
cular disease *Model has been used to research the projected prevalence of risk
factors for heart disease

(continued)
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Table 2. (continued)

JAMIA Open, 2024, Vol. 7, No. 4

Initiative name, Year, Country Technology readiness level (TRL) estimation arguments TRL
Screening and early warning health manage- *Study and design a screening and early warning health management system 4
ment system for populations at high risk for
depression, 2022, China’®
Shielding COVID-19, 2020, United *Study on the use of PHM methods on a linked dataset® 4
Kingdom®”
Urban Population Health Observatory *A prototype design to present features 4
(UPHO), 2021, United States*®
An infrastructure for real-time population *Describe the design and prototype implementation of a novel public health 3
health assessment and monitoring, 2012, infrastructure
Canada®’
Data linkage of primary and secondary data, *Conclusions are draw regarding future application areas and options of small 3
2014, Germany®® area health services research and specific examples are provided
Similar patients dashboard infectious diseases, *Extracted similar complex patient information from a clinical database and pre- 3
2016, United States®’ sented in a population information display in an exploratory study
Toward a fine-scale population health moni- *Analysis of the intersection of Race/ethnicity (from EHR and self-reported) and 3
toring system, 2021, United States®* genetic ancestry *Apply a framework to detect fine-scale population structure in a

Biobank"
Data and knowledge standards for learning *Identified the data-dependent activities and the type of data standards required 2
health, 2018, United States®>
Population health monitoring, 2020, *The model provides insight into the various steps and actors involved and into 2
Netherlands®* the relationships between population health monitoring and relate concepts such

as health information (systems)
Advancing the evolution of healthcare, 2014, *Presents an example of information technology integration 1

United States®’

GK: Gesundes Kinzigtal

GARDE: Genetic Cancer Risk Detector

PATHE: Population Health Assessment Engine

FDA: Food and Drug Administration

MHDs: Mental Health Departments

WebGIS: Web-based Geographical Information System
PHM: Population Health Management

EHR: Electronic Health Record

Sw e a6 o B

walked block by block, gathering data of community service
providers. Clinicians can prescribe community resources in a
patients neighborhood from their electronic health record.

Gesundes Kinzigtal is a region that is using a BI system in
an integrated care setting. Data from various data sources are
linked in a Data Warehouse, prepared, enriched and used for
management support via a BI front-end: starting with the
project preparation and development via the ongoing project
management up to a final evaluation, eg, by using bench-
marks of costs, patients satisfaction, and patients incapability
to work between practices.

Systems in the demonstration phase

The 5 systems with TRL 7 and 8 are divers as well. The
Andalusian health population database is an information sys-
tem that connects data from multiple health records to
improve assistance to patients, health services administration,
management, evaluation and inspection, as well as public
health and research. The Genetic Cancer Risk Detector
(GARDE) platform is a scalable standards-based clinical deci-
sion support (CDS) approach to identify patient cohorts for
PHM and maximize opportunities for multi-site dissemina-
tion. The Rhone-Alpes regional health platform contains 2
information systems. The first system contains distributed
medical records which store metadata with connectors to dif-
ferent EHRs. The second system is an epidemiological plat-
form with de-identified data. The Hub Population Health
System provides services for distribution of query reports,

alerts and secure messages to providers. The Population
Health Assessment Engine (PHATE) is a social deprivation
index—a small area index associated with poor health out-
comes, disease prevalence, and increased costs. Integration of
PHATE within an EHR provides a reliable first-pass assess-
ment of patient risks based on where they live.

Systems demonstrated in a relevant environment

Three initiatives with TRL 6 are identified. The Population
Health Record (PopHR) is a web-based application designed
to facilitate the effective use of population health information
by public health professionals and to support evidence-based
decision-making. Primary Sense focuses on finding patients in
general practitioner data which will benefit from an interven-
tion at the clinical level. Another system in development is
the Estonian biobank whose database allows a wide spectrum
of genomic and epidemiological research to be conducted.
Future plans include linking the genome center database with
the national health information system in real time, as well as
using the genetic data and the technical infrastructure avail-
able for piloting personalized medicine.

Decision context of included systems

As can be seen in Table 3 in the descriptions that are literally
taken from the publications, the coding was challenging due
to variations in terminology.

Looking at the PHM goals, 5 initiatives are able to identify
populations, from which 4 are able to find persons with
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specific characteristics (Primary Sense, PATHE, GARDE, and
Andalusian health population database) and 2 initiatives can
identify people for alert campaigns (The Hub Population
Health System and Primary Sense). Most applications are on
the clinical level, some are on the organizational or system
level.

Among the evaluated initiatives, Gesundes Kinzigtal offers
comprehensive insight into all facets of the Triple Aim model.
The Hub Population Health System and PATHE primarily
focus on health assessment and quality evaluation. PopHR
concentrates on health evaluation coupled with cost analysis,
whereas the Rhone-Alpes regional health platform focuses
solely on health assessment. The Andalusian health popula-
tion database assesses cost factors.

Risk stratification is performed on the individual level in
Primary Sense and Care Link and on a population level in
PopHR, Estonian biobank, and PATHE. The methods used
for risk stratification are diverse, in the Estonian biobank
DNA is used, PopHR uses ontologies, PATHE uses geo-
graphic information, and Care link uses clinical information,
care utilization, and demographic data.

The use of systems for engagement is limited. Communi-
tyRx has as main goal to provide self-management needs and
this system seems implemented in PATHE as well. The Care
Link publication mentions engagement without further
information.

Care Link, CommunityRx, and the Estonian biobank use
their BI systems to customize interventions to the patients’
needs and characteristics. These initiatives all operate on the
clinical level.

A BI system is used in only 2 initiatives for impact evalua-
tion, which is less than anticipated, whereas BI is commonly
used in Plan-Do-Check-Act cycles. Gesundes Kinzigtals sys-
tem is used in this cycle and PopHR evaluates interventions.

The 11 BI systems are used by various groups of users,
only PHATE reports explicitly on user group levels. Many
initiatives operate on the clinical level with different goals,
from care management to generating alerts to prescribing.
Two initiatives are meant to inform other professionals: Care
Link and the Rhone-Alpes regional health platform. Many
systems provide decision support information on the organi-
zational or system level. Only PATHE provides information
to adjust payment.

Bl capabilities

Table 4 describes the technical solution and the organization
and processes for the mature systems. The technical solutions
were found to vary significantly as well. Perhaps the most
notable observation is the lack of description regarding the
technical considerations. Often, only the final solution is
described without providing insights into the design process.
The main finding on organization and processes is that this
category is described to a very limited extent. Not a single
paper provided a comprehensive insight into the development
processes and operational processes.

To analyze in more detail, in General Architecture and
Infrastructure there are a number of more classical BI systems
and a number of distributed systems, the other systems have
a customized architecture. Most systems use EHR data from
general practitioners or hospitals combined with other sour-
ces. The security of the systems is ensured through various
technical and process-based measures. Data modelling is
described for most of the systems and is diverse as well. The

JAMIA Open, 2024, Vol. 7, No. 4

design levels and tools used are unique for each system.
Many of the systems use international standards like ICPC or
ICD. The loading frequency is often not specified. Population
sizes seem either small and focused on specific geographical
areas or populations (<100 000) or more broad (>1 million)
and are always specified. Most systems contain retrospective
data, some systems provide (near) real-time data and one sys-
tem contains prospective information. Many systems use dif-
ferent types of algorithms. The front-end tools vary
significantly and widely used BI and analytics solutions and
vendors, such as Microsoft, Tableau/Salesforce, and Qlik,
appear to be limited in their adoption.

Organization and processes are unique for each initiative
and sparsely described. Themes such as governance, develop-
ment, funding, and operational processes are not described in
most cases. The number of users is reported in some cases.
The business processes are almost always described and in
line with the previously identified PHM goals. Privacy meas-
ures are partially described and implemented in various ways,
including aggregation, pseudonymization, and consent.

Discussion

This was the first study that investigated the available scien-
tific knowledge regarding BI systems for PHM, especially
regarding their decision contexts and BI capabilities. PHM
has several goals to improve the health of populations:
patient population identification, triple aim assessment, risk
stratification, engagement, patient-centered interventions and
impact evaluation, and quality improvement. The data-
driven approaches for these goals were extracted from the ini-
tiatives, resulting in diverse goals and user groups. However,
efforts are often fragmented, addressing only isolated ele-
ments of PHM rather than adopting a comprehensive
approach. For example CommunityRx focusses on engage-
ment and tailored interventions on the clinical level whereas
Gesundes Kinsigtal focusses on planning and monitoring
interventions. Descriptions on organizational aspects of the
initiatives were extremely limited, hindering an understand-
ing of the organizational context. In many cases, there is no
long-term funding and vision described, raising questions
about whether these initiatives can achieve sufficient maturity
and impact. Furthermore, limited consideration is given to
technical aspects of scalability to other regions and countries,
such as using standards.

Despite PHM being called a data-driven approach it is
observed that current research on the data dimension of
PHM is very limited, lacks coherence and a unified approach.
There is a lack of structured methodologies and harmoniza-
tion among studies. This diversity yields a lack of scientific
knowledge about the technical and organizational aspect and
decision context of a PHM data infrastructure. Inadequate
implementation of PHM ensues, leading to a suboptimal real-
ization of the approach’s full potential.

Private organizations and authorities often prioritize other
interests above knowledge sharing. Presently, their publica-
tions predominantly focus on isolated components of a prod-
uct, such as (predictive) models. There is considerable
potential to share more about the contextual aspects of the
product. Firstly, exchanging insights on applications where
BI systems benefit populations would be valuable, given that
only 3 such cases have been identified. Secondly, disseminat-
ing knowledge on integrating BI systems into work processes
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and culture is crucial. Thirdly, discussing approaches to
development and (data) management processes, and how
these might differ when collaborating with a commercial
partner or an authority, is important. An Implementation of
a Data-Driven Approach (IDDA) framework for reporting
the data-driven approach of PHM initiatives should lead to
more comprehensive and comparable publications. Part of
the framework should be a translation from PHM goals to
decision contexts and the needed BI capabilities. The frame-
work could also describe whether one should begin with
detailing the desired work process, as seen in the 3 TRL 9 ini-
tiatives, or with the technology, which is often observed in
the other initiatives. Developing and using a framework
could ultimately lead to a learning community that develops
more valuable BI systems. Special attention should be given
to the unity of language, since terminology usage is currently
diverse. While various publications have been observed
where BI was not used as a term despite being relevant, and
vice versa. The coherence with systems like care coordina-
tion, risk stratification tools, and biobanks should be
described as well, as BI functionality overlaps with these sys-
tems in certain decision contexts as can be seen with Care
Link and CommunityRx.

Strengths and limitations

Limitations of this study include that relevant papers might
be missing, for example caused by the use of different termi-
nology. Nevertheless multiple search terms in both the sys-
tems and application domains were used. We intentionally
focused solely on scientific literature, which biases our view
towards larger integrated or academic systems. This under-
scores the need for new arrangements within public-private
collaborations about sharing knowledge more scientifically.
Comparing systems across countries with diverse approaches
was intentionally pursued to extract overarching findings.
Although a systematic approach was attempted, the process
is substantially complicated by inconsistent reporting.

One of the major strengths of this research is the systematic
approach used to identify and select relevant articles. By
using the PRISMA guidelines, it is ensured that the review
process was comprehensive, objective, and reproducible.
Another strength of this research is a multidisciplinary
approach in structuring the papers found. Perspectives from
various fields were incorporated such as information technol-
ogy, population health, and data science to ensure that the
analysis was comprehensive and relevant to the topic. This
approach allowed us to comprehensively identify and crit-
ically evaluate the decision context and capabilities of the sys-
tems. Furthermore, the multidisciplinary approach allowed
us to identify gaps and limitations in current research and to
provide recommendations for future research.

Conclusion

PHM represents a data-driven approach to address the chal-
lenges faced by health care systems in worldwide. For this
approach to succeed, a coherent data strategy is essential.
Understanding the decision contexts in which BI systems are
applied and identifying the users and their needs is crucial.
Once this is clarified, the necessary BI capabilities can be
derived. It is important to consider how partnerships between
private and public organizations should be designed to

JAMIA Open, 2024, Vol. 7, No. 4

protect intellectual property while enabling rapid knowledge
development. To build knowledge systematically in public
private collaboration, the development of an IDDA frame-
work is proposed.
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