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Abstract

Background: Digital health interventions offer new methods for delivering healthcare, with the potential to innovate health-
care services. Key performance indicators play a role in the evaluation, measurement, and improvement in healthcare qual-
ity and service performance. The aim of this scoping review was to identify current knowledge and evidence surrounding the
development of key performance indicators for digital health interventions.

Methods: A literature search was conducted across ten key databases: AMED – The Allied and Complementary Medicine
Database, CINAHL – Complete, Health Source: Nursing/Academic Edition, MEDLINE, APA PsycINFO, EMBASE, EBM Reviews –
Cochrane Database of Systematic Reviews, EBM Reviews – Database of Abstracts of Reviews of Effects, EBM Reviews – Health
Technology Assessment, and IEEE Xplore.

Results: Five references were eligible for the review. Two were articles on original research studies of a specific digital health
intervention, and twowere overviews ofmethods for developing digital health interventions (not specific to a single digital health
intervention). All the included reports discussed the involvement of stakeholders in developing key performance indicators for
digital health interventions. The step of identifying and defining the key performance indicators was completed using various
methodologies, but all centred on a form of stakeholder involvement. Potential options for stakeholder involvement for key per-
formance indicator identification include the use of an elicitation framework, a factorial survey approach, or a Delphi study.

Conclusions: Few articles were identified, highlighting a significant gap in evidence-based knowledge in this domain. All the
included articles discussed the involvement of stakeholders in developing key performance indicators for digital health inter-
ventions, which were performed using various methodologies. The articles acknowledged a lack of literature related to key
performance indicator development for digital health interventions. To allow comparability between key performance indi-
cator initiatives and facilitate work in the field, further research would be beneficial to develop a common methodology for
key performance indicators development for digital health interventions.
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Introduction
A digital health intervention (DHIs) is defined as a ‘discrete
functionality of digital technology that is applied to achieve
health objectives’ (p. xi) 1 and offers new methods for deli-
vering healthcare, with the potential to innovate healthcare
services.2 Careful monitoring and evaluation of DHIs is
important in the process of evidence generation for these
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technologies and for informing decision-makers as to
whether to integrate the intervention into practice and
health systems.3 DHIs vary substantially in what they
offer and the mechanisms used to deliver the intervention,
contributing to complexity in their evaluation.2,4

There is a growing body of literature on evaluation fra-
meworks to appraise DHIs 5 within which key performance
indicator (KPI) development is often referred to,6 however,
there is limited guidance on how such KPIs are developed.
The aim of this review is to identify current knowledge and
evidence surrounding the development of KPIs for DHIs; to
the best of our knowledge, no systematic or scoping review
has been published on this issue.

KPIs play a role in the evaluation, measurement, and
improvement of healthcare quality and service perform-
ance.7,8 The World Health Organization (p.144) defines
an indicator as “a quantitative or qualitative factor or vari-
able that provides a simple and reliable means to measure
achievement, to reflect the changes connected to an inter-
vention or to help assess the performance of a development
actor”.9 KPIs alone do not improve quality, however, they
can act as alerts and metrics, allow comparisons between
similar services, and contribute to high quality and safe ser-
vices that meet the needs of the end-users.7

Effective KPIs must be clearly defined to be reliable and
valid.7 The SMART criteria for indicators suggest they
should be specific, measurable, attainable, relevant, and
time-bound.3 however, there is a lack of appropriate guid-
ance in selecting and developing SMART indicators.

This scoping review ispart of ourworkwithinan€18.5 m,a
5-year partnership programme of research (Gravitate Health)
funded by the Innovative Medicines Initiative, the EU
Commission and the European Federation of Pharmaceutical
Industries. This project aims to provide technology (a
G-lens) for personalized content delivery (e.g., medication
contraindications for patients with polypharmacy) to patients
across the lifespan.

Methods
Scoping reviews are beneficial for exploratory topics where
there is uncertainty about the breadth of the literature that
will be identified.10 Such reviews can be used to further
inform research questions for systematic reviews and other
research. The review took place between May 2021 and
August 2021 and was informed by the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
scoping review extension checklist, thereby ensuring meth-
odological rigour and reporting of key elements of a scoping
review according to accepted standards.11Aprotocol outlining
the rationale, inclusion/exclusion criteria and data extraction
was written a priori. The search strategy was guided by
Arksey and O’Malley 12 search methodology, which involved
five steps: (a) Identifying the research question; (b) identifying
relevant studies; (c) study selection; (d) charting the data; (e)
collating, summarizing, and reporting results.

Identifying the review question

The review question was developed following an initial
search to identify literature to assist in the development of
KPIs for an ongoing DHI initiative. This initiative aims to
provide individual patients with access to trusted health
information which is tailored and relevant to their specific
needs. A key task in this project was to develop and
select candidate KPIs to measure the success of the inte-
grated DHI approach.

Table 1. Description of eligibility criteria.

Criteria Description

Population The population of interest was research teams
or organizations developing KPIs for a DHI.

Concept The concept of interest was the development
of KPIs for a DHI and how they were
identified, defined, and established.

Context The context was KPIs for a DHI. Specifically, we
included computer and mobile
interventions. This included remote and
Web 2.0-based interventions delivered via
technologies that give patients access to
eHealth. These technologies included
personal computers and applications for
mobile technology such as iPad, Android
tablets, smart phones, and Skype.

We excluded studies that focused on
monitoring devices such as telemonitoring/
telehealth or assistive technologies, as
these studies involved the participation of
more than one user, for example, the
patient and the healthcare professional.

Study Design Study design for inclusion were review
articles, editorials, guidelines, quantitative
research designs, qualitative research
designs, and the grey literature.

Settings There were no restrictions based on study
settings.

Language Only English language studies were included.

Year There were no restrictions based on year of
publication.

Publication
Status

There were no restrictions based on
publication status.

DHI: digital health intervention; KPI: key performance indicator.
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A protocol for the scoping review was developed and
reviewed by members of the Gravitate task team (MB,
AW, CM, CD, MH, MM). At an initial meeting, the
review question and inclusion/exclusion criteria were clari-
fied. A further meeting was then held to develop the litera-
ture search strategy, which was developed in collaboration
with an experienced librarian [Supplemental file].

Identifying relevant studies

A rigorous literature search was conducted across ten key
databases: AMED – The Allied and Complementary
Medicine Database, CINAHL – Complete, Health Source:
Nursing/Academic Edition, MEDLINE, APA PsycINFO,
EMBASE, EBM Reviews – Cochrane Database of
Systematic Reviews, EBM Reviews – Database of
Abstracts of Reviews of Effects, EBM Reviews – Health
Technology Assessment, and IEEE Xplore. The keywords
and syntax were developed in the EBSCOHost platform
and adapted to the other databases. Hand-searching of the
literature was conducted from the references of included
articles. The Grey literature was also searched in appropri-
ate organization sites including the Agency for Healthcare
Research and Quality, Health Information and Quality
Authority, Health Standards, and the National Institute for
Health and Care Excellence. Only English language litera-
ture was included. There were no restrictions based on pub-
lication status or year. Articles collected from the literature
search were imported into Mendeley for deduplication, and
then into Covidence 13 for screening.

Study selection

The eligibility criteria were designed according to the
Joanna Briggs manual of scoping review methodology,
consisting of Population, Concept, Context, and Study
Design14 and are defined in Table 1.

Screening was conducted at both the title/abstract level
and full-text level. At the onset of the screening, a
meeting was held in which five random references were
each screened by all reviewers to clarify the screening
selection. Following this initial pilot of screening, reviewers
working in pairs independently screened all studies at each
level (AW, CM, MB, MH, CD, MM). Uncertainties were
resolved by discussion at weekly meetings and in consult-
ation with all team members. Results of the screening
process are displayed in a PRISMA flow diagram with
explanations for full-text exclusions.

Charting the data

A data extraction form was created in Excel to simplify the
data collection process and to ensure that all relevant data
was collected [Multimedia Appendix 2]. Data extraction

was performed by one reviewer and verified by a second
independent reviewer (AW, CM, MB, MH, CD, MM).

Collating, summarizing, and reporting results

Within this project, our team was tasked with refining and
selecting candidate KPIs to measure the success of this inte-
grated digital health information. This review was a key
aspect of this process in terms of sourcing and assessing
relevant existing evidence related to this topic. A descrip-
tive summary of the literature was performed, and thematic
analysis using Braun and Clarke’s (2006) framework. Each
member of the review team read the included articles and
identified recurring patterns in the data. Each pattern was
coded independently and then compared for consensus.
Reviewers (AW and MB) then categorized the codes and
organized them into themes.

Results

Search results

During the initial search, it became clear that there was
limited literature on how to develop specific and measur-
able KPIs that evaluate DHIs. Broad generalist literature
exists on components that should be measured as KPIs,
however there is a paucity of guidance to operationalize
the development of the KPIs. We retrieved 2192 articles
and identified one further article from hand-searching refer-
ences of the included studies. Following deduplication,
2165 references were screened at the title/abstract level,
then 39 references were screened at the full-text level to
determine if any relevant passages were included that
would describe the identification or development of KPIs
for DHIs. We excluded articles that described KPIs and/
or metrics without discussing how the KPIs were identified
or developed. This process resulted in the exclusion of a
further 34 references, leaving five references (representing
four unique publications) eligible for the review (Figure 1).

Characteristics of included references

Characteristics of the included literature are displayed in
Table 1. Publication dates ranged from 2012 to 2018. Of
the four included publications, two were articles on original
research studies of a specific DHI,15,16 and two were over-
views of methods for developing DHIs (not specific to a
single DHI).17,18 The primary geographic region of the
DHI or publication (dependent on whether the article was
related to a specific DHI or an overview of DHI method-
ology) was Europe which accounted for three articles,16–
18 and Colombia 15 for one article. Key issues to emerge
from the scoping review are stakeholder involvement,
methodology used to identify and develop KPIs and
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overall a dearth of evidence on the development of KPIs for
DHI (Table 2).

Identifying and defining KPIs

The literature described a process of steps to identify and
define KPIs, which included: identifying stakeholders and
their needs, defining the goal of the DHI, identifying and
defining the KPIs, and defining the data to evaluate the
KPIs.15,18 All the included reports discussed the involve-
ment of stakeholders in developing KPIs for DHIs.15–18

The step of identifying and defining the KPIs was com-
pleted using various methodologies, but all centred on a
form of stakeholder involvement.

The importance of diversity of stakeholders was evident
with several groups of stakeholders identified, for example

the health sector and media (Vedluga 2017) 16; patient and/
or patient representative organizations, DHI developers,
government agencies and insurance agencies. (Bradway
2017).17 Farinango (2018) described their process for KPI
development as first completing interviews with individual
stakeholders, followed by an interdisciplinary brainstorm-
ing session.15 Vedluga16 suggested the use of instruments
to identify stakeholders and their needs. These instruments,
including the Activity Pyramid, Kane’s Model Affinity
Diagrams, and critical quality requirements tree, emphasize
the importance of stakeholder input for DHI measurement
systems, as stakeholder acceptance was noted as crucial
for the acceptability of the DHI.

Hyppönen18 specifically referred to their methodology
for KPI development as first conducting a literature
review on indicator methodology (not specific to DHIs),

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow diagram.
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followed by an expert meeting to classify the identified
indicators. While not specifically referring to the context
of DHIs, this article identified two main approaches for
defining indicators for KPIs. These approaches included
an expert-led top-down method, and a community-led
bottom-up method, which were noted as being more

prominently applied when assessing policies and impact
at the level of society, and at the local environment level,
respectively. Hyppönen18 also stated that the KPIs are
often chosen using expert knowledge, peer-reviewed litera-
ture, or previous work focusing on existing indicators. This
article specifically suggested the use of a Delphi study,

Table 2. Characteristics of included articles.

Author,
Year

Primary
geographic
region Aim of the DHI

DHI development team
composition Methods to identify KPI’s

Hyppönen,
201218

Europe n/a – general report on DHIs - Members from the IMIA
Working Group on Technology
Assessment and Quality
Development and the EFMI
Working Group on Assessment of
Health Information Systems

- Literature review
- Expertise meeting to classify
the identified indicators

Carrion,
201619

Europe n/a – general report on DHIs - Members organized by the
Mobile World Capital Barcelona
Foundation

Not included – describes DHI
assessment based on
principles of technical
readiness and maturity,
risks, benefits, and resources
neededBradway,

201717
- Workgroup of several
international partners experience
related to mHealth, including
patient groups, government, and
health authorities,
representatives from health
research, care providers, and
technology developer groups

Vedluga,
201716

Europe
(Lithuania)

Lithuania’s national eHealth
information system

- Not reported (indicators
designed to monitor
implementation of Lithuania’s
national eHealth information
system)

- Instruments to identify
stakeholders and their needs
determine KPI’s e.g. the Activity
Pyramid; Kane’s Model Affinity
Diagrams; and Critical quality
requirements tree,

Farinango,
201815

Columbia Personal health record systems
for the management of
metabolic syndrome according
to the principles and
recommendations of the ISO
9241-210 standard

- Multidisciplinary design and
implementation team
- Engineer team
- Medical recommendations
regarding the structure and
information in different stages of
the process obtained directly
from specialists or the health care
team (nurse, psychologist,
medical doctor, nutritionist, and
doctor in physical activity
sciences)

- Completing interviews with
individual stakeholders,
followed by an
- Interdisciplinary
brainstorming session

*Of the DHI or publication (dependent on whether the article was related to a specific DHI or an overview of DHI methodology). DHI: digital health intervention;
IMIA: International Medical Informatics Association; EFMI: European Federation for Medical Informatics; ISO: International Organization for Standardization;
n/a: not applicable; KPI: key performance indicator.
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which includes combining scientific evidence and expert
opinion through a consensus technique. Similarly,
Bradway (2017) does not refer specifically to the develop-
ment of KPI’s but describes 4 pillars for DHI assessment
technical readiness and maturity, risks, benefits, and
resources needed.19

Lack of literature

Most of the included articles recognized the lack of litera-
ture relating to KPI development for DHIs, compared to
the breadth of literature available on the development of
KPIs in other fields like health or informatics.15–18 It was
noted that most prior initiatives for DHI evaluation
attempted to adapt health assessment frameworks to
DHIs. These initiatives focused primarily on just the usabil-
ity and clinical outcomes of the interventions,16,17 however
new initiatives should be created with the unique properties
of DHIs in mind.17 While Hyppönen (2012) did suggest
phases for KPI development, it was acknowledged that
these were only a preliminary step in transparent indicator
development methodology.18 It was argued that there was
a need to develop a common methodology for KPI develop-
ment for DHIs.17,18 New initiatives for the development of
KPIs for DHIs should involve the participation of all stake-
holders, including regulation and legislation bodies, and be
sufficiently flexible to take into account local context.16,17

The KPIs need to be clearly defined and measurable.16

Discussion
This scoping review highlights key components of KPI
development for DHIs, with a clear emphasis on the import-
ance of stakeholder involvement, though it is not clear from
the papers reviewed exactly what stakeholders should be
involved from the groups mentioned. The review also iden-
tifies a significant gap in evidence-based knowledge in this
domain. This is surprising given the extensive proliferation
and diverse range of healthcare-related DHIs that are con-
tinuously being introduced. In addition, the useability of
many DHIs is short lived due to the extensive roll out of
DHIs without accompanying evaluation of their impact on
health outcomes or systems.1,20–22

It is also possible that, while industry recognizes the
importance of multidisciplinary partners in the development
of DHIs, there is a need for greater partnership with aca-
demia to highlight the rigour required in the development
of KPIs for DHIs and for this to be disseminated. The
absence of publications in this area may reflect the trad-
itional industry-academic partnerships which have
focused on Science, Technology, Engineering and Maths
(STEM), supported by national and university policies
encouraging these alliances. The expansion of partnerships
beyond STEM, while growing, does not always enjoy the
same level of support. This may mean that in-depth

qualitative data may be viewed as more of a background
necessity than an important academic endeavour that
requires methodological expertise. There is a need for a
focused widening of engagement with industry and govern-
ment from third-level institutions, in that third-level institu-
tions themselves need to be more supportive of the various
academic expertise they hold beyond traditional philosoph-
ical alliances. Deliberate appreciation of the rigour of quali-
tative enquiry and seeking alternative approaches and
methodological disruptors is essential to the development
of person-centred and innovative DHIs.

A further challenge in the identification of KPIs is choos-
ing the most appropriate tool for gaining consensus on what
should be included in a final list of indicators. While much
is written in the literature on consensus development in
healthcare this usually refers to an easily defined group of
patients and clinicians, often related to a specific discipline
of care. The development of KPIs for DHIs includes a much
larger stakeholder group and so the challenge of consensus
becomes more complex. One potential option is using an
elicitation framework. For example, in the Sheffield
Elicitation Framework,23 participants would be presented
with factors derived from the literature and interviews and
be asked to identify their plausible limits regarding each
of the potential factors they identify as the most relevant
KPIs for inclusion. This would result in the construction
of a probability distribution for each participant and
through inward skilled facilitation, a consensus of their
overall preferred KPIs for inclusion would be identified.

An alternative is the use of a factorial survey approach.
This comprises a hybrid technique that incorporates the use
of vignettes that are based on specific testing scenarios with
interchangeable, multiple factors. This methodology pro-
duces effects that cannot be identified from individually
exploring the relationship between the dependent variable
(e.g., drug adherence) and each independent variable
(e.g., age, gender and/or health literacy) using the concept
of orthogonality from the experimental tradition.24,25 This
acknowledges that multiple factors may be responsible for
influencing any action taken and that ‘human evaluations
are in part socially determined (that is, shared with
others) and in part governed by individuality, the mix
varying from topic to topic’.26 While this approach has
the capacity for exploring multiple variables at various
levels, it is dependent on first having a limited and strong
evidence-based list of KPIs. Alternatively, a Delphi study
could be used to reach a consensus on priority KPIs for
use in the development of a DHI. A Delphi study could
be useful as it can accommodate a large number of
options and is widely used involving multidisciplinary
and international panel of experts, and offers anonymity
to participants and is cost-effective.24

This review suggests 3 key actions are required to ensure
consistency around KPI development. These are, validation
of KPI’s through accompanying evaluation of their impact
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on health outcomes or systems; the expansion of
industry-academic collaboration in rigorous approaches to
developing person-centred and innovative DHIs and the
use of standardized frameworks for developing consensus
among key stakeholders;

Limitations

Limitations in search strategy must be noted. The review
limited included studies to English language only.
Additionally, as this review aimed to identify KPIs for the
broad field of DHIs, literature for KPI development in spe-
cific areas of DHIs may have been missed in the search
strategy. Furthermore, data extraction was performed by
one reviewer however the data was verified by a second
independent reviewer.

Conclusions
This scoping review aimed to identify the current knowl-
edge and evidence for the development of KPIs for DHI.
Only five references (representing four unique studies)
were eligible for the review. All the included articles dis-
cussed the involvement of stakeholders in developing
KPIs for DHIs, which was performed using various meth-
odologies. Potential options for stakeholder involvement
in KPI identification include the use of an elicitation frame-
work, a factorial survey approach, or a Delphi study. As
previously stated, this review was performed as a part of
our work within Gravitate Health. Few articles were identi-
fied, highlighting a significant gap in evidence-based
knowledge in this domain. The articles in the review
included primarily the authors’ personal experiences and
lessons learned from their research, and little empirical
data was identified in the literature. The articles acknowl-
edged a lack of literature related to KPI development for
DHIs. To allow comparability between KPI initiatives and
facilitate work in the field, further research would be bene-
ficial to develop a common methodology for KPI develop-
ment for DHIs.
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