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Objectives. Hardly any value frameworks exist that are focused on provider-facing digital health technologies
(DHTs) for managing chronic disease with diverse stakeholder participation in their creation. Our study aimed to 1)
understanding different stakeholder opinions on where value lies in provider-facing technologies and 2) create a com-
prehensive value assessment framework for DHT assessment. Methods. Mixed-methods comprising both primary
and secondary evidence were used. A scoping review enabled a greater understanding of the evidence base and gener-
ated the initial indicators. Thirty-four indicators were proposed within 6 value domains: health inequalities (3), data
rights and governance (6), technical and security characteristics (6), clinical characteristics (7), economic characteris-
tics (9), and user preferences (3). Subsequently, a 3-round Web-Delphi was conducted to rate the indicators’ impor-
tance in the context of technology assessment and determine whether there was consensus. Results. The framework
was adapted to 45 indicators based on participant contributions in round 1 and delivered 16 stable indicators with
consensus after rounds 2 and 3. Twenty-nine indicators showed instability and/or dissensus, particularly the data
rights domain, in which all 5 indicators were unstable, showcasing the novelty of the concept of data rights. Signifi-
cant instability between important and very important ratings was present within stakeholder groups, particularly
clinicians and policy experts, indicating they were unsure how different aspects should be valued. Conclusions. Our
study provides a comprehensive value assessment framework for assessing provider-facing DHTs incorporating
diverse stakeholder perspectives. Instability for specific indicators was expected due to the novelty of data and analy-
tics integration in health technologies and their assessment. Further work is needed to ensure that, across all types of
stakeholders, there is a clear understanding of the potential impacts of provider-facing DHTs.
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Highlights

� Current health technology assessment (HTA) methods may not be well suited for evaluating digital health
technologies (DHTs) because of their complexity and wide-ranging impact on the health system.

� This article adds to the literature by exploring a wide range of stakeholder opinions on the value of provider-
facing DHTs, creating a holistic value framework for these technologies, and highlighting areas in which
further discussions are needed to align stakeholders on DHTs’ value attributes.

� A Web-based Delphi co-creation approach was used involving key stakeholders from throughout the digital
health space to generate a widely applicable value framework for assessing provider-facing DHTs. The
stakeholders include patients, health care professionals, supply-side actors, decision makers, and academia
from the United States, United Kingdom, and Germany.

� High levels of instability among stakeholders and value domains are demonstrated, indicating the novelty of
assessing provider-facing DHTs and their impact on the health system.
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Value frameworks have been increasing in prevalence
throughout the health sector as a technique for evaluating
different health technologies to inform resource alloca-
tion.1–3 Their construction typically involves incorporat-
ing a range of crucial stakeholder opinions to create a
holistic understanding of what value means in regard to
specific medical technologies.4 It is believed that their
proliferation is partly a result of the apparent disconnect
between price and value, increasingly complex technolo-
gies, and greater empowerment of clinician and patient
opinions of potential technologies.1 Our health systems
are increasingly tasked with managing chronic diseases.
This in part has led to the recent focus on value-based
health care, and there is an increasing emphasis on
patient-centered care, and what value means to them;
thus, patient voices are thought to be one of the most

important in creating value frameworks.5 Digital health
technologies (DHTs), with their significant variation in
risk level and functionality, fast-paced innovation, short-
life cycles, and limited evidence-creation capabilities, are
seemingly the perfect candidate for a widely applicable
value framework.6,7

Evaluating DHTs for chronic disease management
must involve consideration of value domains beyond tra-
ditional economic and clinical impact due to the addi-
tional risks imposed by their shared ability to generate,
store, process, and/or transmit data.8 These risks include
data privacy, security, governance, transparency, and
bias and have not previously been an issue when asses-
sing health technologies such as medical devices and
pharmaceuticals.9 This technological shift raises a critical
question: what new aspects of value arise from introdu-
cing DHTs in the health sector? Does the introduction of
widespread big data collection and analysis require a
unique, and possibly specialized, approach to evaluation,
or can evaluation methods for traditional medical tech-
nologies simply be adapted to suit digital innovations?

Although the health sector has been notably sluggish
in its adoption of and attention to digital technologies
compared with other sectors, DHTs have risen sharply in
prevalence worldwide. They are considered crucial for
health systems to reach their key objectives of improving
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effectiveness, equity, efficiency, and quality of care.10

Their potential is significant due to wide-ranging func-
tionality and applicability to several different actors, such
as patients, health care professionals (HCPs), industry,
and health systems as a whole.11 As a result of this signif-
icant technical and functional variation, decision makers
and health technology assessment (HTA) agencies are
finding it difficult to accurately assess the value of these
technologies.7

It is difficult to determine a methodology for assessing
DHTs that have a significant and far-reaching impact on
the health system. Provider-facing DHTs are often highly
complex and involve multiple components, some of which
evolve over time. Current HTA methods primarily exist to
evaluate medical technologies used to treat individual
patients. These methods rely primarily on incremental
cost-effectiveness ratios, which compare a new technol-
ogy’s costs and clinical effectiveness with an existing
course of treatment. For some DHTs, such as artificial
intelligence (AI)–assisted diagnostic imaging technologies,
this comparative approach is partially appropriate and
allows for the quantification of the value of digital innova-
tion. However, many DHTs also offer potential impact far
beyond incremental improvements in treatment pathways
for individual patients. Many provider-facing solutions
have the potential to produce high-impact health data ana-
lytics due to their comprehensive and sometimes constant
data collection features. For example, AI-based clinical
decision-making support tools are constantly learning and
evolving, so they not only offer value in the form of
today’s improved diagnostic accuracy but also in the form
of future diagnostic improvements, learnings across the
population, and potential systemwide monitoring resource
for disease progression. The continuous learning and
adaptability of these technologies have direct and indirect
impacts on patient outcomes and health care delivery,
making it difficult to assess their long-term effect on the
health system.

Many DHTs have the potential to produce real-world
evidence (RWE) that eventually could revolutionize the
way health systems approach disease detection and diag-
nosis. Currently, RWE sources are primarily electronic
health records, insurance claims data, patient registries,
and pharmacy databases.12 DHTs offer an opportunity
for RWE directly from the digital technology, which
could include data with undeniable provenance and high
accuracy in a nonclinical setting. However, this wealth of
data also raises data governance issues regarding which
actors have the right to access and control sensitive
information as it is shared across stakeholders. For
example, to what level of detail should information from
a patient’s closed-loop insulin delivery system be

available for analysis in population health management
systems? Because of these privacy, security, and ethics
concerns, it is important to make use of an advanced
digital infrastructure that uses technology such as feder-
ated machine learning, which does not require centra-
lized data warehouse facilities,13 and zero-knowledge
proofs, which offer information verification without data
transfer,14 for example. The ability to contribute to
RWE is a technology value proposition that may not be
comprehensively accounted for under current HTA
methodologies. Provider-facing DHTs often produce
valuable effects that can be identified across health sys-
tems, but these aspects of value may be difficult to pro-
vide strong evidentiary support for and quantify. Where
widespread data collection is involved in DHTs, data
management complications arise in which the ownership
of and responsibility for the data becomes blurry. This
issue highlights the need for reliable health system data
infrastructure, which is neither the responsibility of a sin-
gle stakeholder group nor solvable through HTA incen-
tives alone.

This article aims to understand better where key stake-
holders (not just decision makers) perceive value in regu-
lated provider-facing DHTs and, ultimately, create an
agnostic value framework to assist with their assessment.
We have recently published an alternate article15 focusing
on assessing patient-facing technologies, which present
different benefits and challenges for HTA. In compari-
son, provider-facing technologies offer solutions with a
broader impact than patient-facing technologies because
they often involve systemwide integration into care deliv-
ery pathways as opposed to personalized solutions for
individuals.

This article adds to the literature in 3 ways: first, it
explores a wide range of stakeholder opinions of value
aspects of provider-facing technologies; second, it
explores a holistic value framework of these system-
facing DHTs that incorporates a significant number of
different types of technologies; and third, it highlights
where stakeholders disagree or are unsure about the
value of these technologies, ultimately allowing policy
and decision makers to understand where conversations
need to be focussed.

The following section outlines the methods of our
study and is followed by the results of the literature
review and Delphi exercise. A discussion of key issues
discovered in the exercise occurs before the conclusion.

Methods

This study, carried out between September 2021 and
April 2022, had 3 defined stages using a literature review

Main et al. 3



and a Web-based Delphi exercise. The stages are as fol-
lows: 1) stakeholder identification and targeted literature
review to propose an initial framework, (2) framework
revision through qualitative Delphi round 1 (R1), and 3)
quantitative Delphi rounds 2 (R2) and 3 (R3) for stake-
holder evaluation of proposed indicators and statistical
analyses (summarized in Table 1).

Decision Context

The United Kingdom (UK), United States (US), and
Germany were chosen as study countries. This resulted
from their recent developments regarding innovative pol-
icies and regulations for DHTs and their representation
of different health system archetypes of health system
financing—taxation, social insurance, and private health

Table 1 Stages of the Project

Components Objectives Methods Tasks

First stage Scoping literature review Identify value
frameworks (VFs)
oriented toward digital
health technologies
(DHTs)

Identify value domains
and indicators from VFs

Qualitative Overview of DHT value frameworks
through a targeted scoping review
focusing on the 3 study countries

Initial list of indicators Create an initial value
framework

Qualitative Researcher consensus meeting to create
indicators and a brief ‘‘more
information’’ paragraph for each
indicator

Indicator categorization Categorize indicators
chosen for value
framework

Qualitative Use scoping review to identify ‘‘value
domains’’ to categorize chosen indicators

Stakeholder identification Identify and invite
stakeholders

Qualitative Identify and invite stakeholders from the
London School of Economics network in
the 5 stakeholder groups (patients, health
care providers, supply-side actors,
decision makers, and ‘‘influencers’’) in 3
study countries (United Kingdom,
United States, and Germany)

Second stage Stakeholder
proposed indicators

Identify new indicators
from Delphi R1

Thematically analyze
proposed indicators to
identify ideas and
themes not previously
incorporated in VF

Qualitative/
quantitative

Delphi exercise R1—stakeholders asked to
comment on existing indicators or
propose their own

Thematic analysis using Nvivo Software so
identify common themes in comments and
proposed indicators

Updated VF Update initial proposed
VF with stakeholder
proposed themes

Qualitative Researchers consensus meeting using
thematic analysis data to update VF

Third stage Delphi exercise
R2 and R3

Consensus-building
exercise to understand
which indicators have
stable consensus

Quantitative Delphi exercise R2—stakeholders asked to
rate each indicator on an ‘‘importance’’
Likert scale

Delphi exercise R3—stakeholders shown
their own response in R2 and the groups
responses and given opportunity to change
their answer

Data analysis Analysis of respondent
data within and
between groups to
determine respondent
stability and consensus

Quantitative Likert scale data analyzed for each
indicator; consensus and stability
calculated within and between
stakeholder and country groups
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insurance, respectively. Germany launched the Digital
Health Care Act in 2019 tying statutory reimbursement
policies to their digital health value framework. It
enabled HCPs to prescribe digital applications to patients
that complied with particular standards for data protec-
tion, information security, quality, and safety as well as
other factors.16 However, Germany lacks a clear pathway
for system-facing technologies. Comparatively, the
United Kingdom and United States do not have a
national reimbursement framework for DHTs, but they
have made significant efforts to enable their assessment.
The United Kingdom’s methodological advancements
include the NICE evidence standards framework and the
Digital Technology Assessment Criteria for health and
social care. Alternatively, the United States has created
the Digital Health Center of Excellence within the Food
and Drug Administration, which aims to improve digital
health policies and regulatory approaches.

Our focus was purely on provider-facing DHTs, users
of which include HCPs and imaging technicians who are
considered actors of health providers and the health sys-
tem. These DHTs may not immediately affect a patient’s
daily behavior, and a patient may not be aware the tech-
nology is being used, even though their data are being
collected (see Appendix Table 1). An example is AI-
assisted cardiac magnetic resonance imaging software,
which assists HCPs in making cardiac diagnoses. This
technology can provide value to the system by increasing
the prevalence of correct diagnoses and overall efficiency
by reducing the diagnosis time. This downstream value
must also be accounted for during assessment.

First Stage: Targeted Literature Review, Initial
Framework Proposal, and Stakeholder Identification

Targeted literature review. A scoping review was com-
pleted to better understand the existing value frameworks
and determine gaps in the literature and knowledge base
regarding the value frameworks of DHTs for chronic
conditions (see Appendix Section 2.1 and Appendix
Table 2 and Appendix Figure 1 for more information
regarding the literature review).

Value domains of DHTs identified in the literature
include economic, clinical, and technical characteristics;
user preferences; safety of the technology; and regulatory
compliance (see Appendix Table 5 for more information
on domains identified in the peer-reviewed and gray liter-
ature). An initial framework was proposed, adapting the
value domains and indicators found in the literature.
This starting framework consisted of 34 value criteria
in 6 domains: 1) health inequalities, 2) data rights and
governance, 3) technical and security, 4) economic

characteristics, 5) clinical characteristics, and 6) user pre-
ferences (see Appendix Table 6).

Value framework proposal through indicator identification
and categorization. In this article, the term indicator
refers to a particular characteristic considered when
assessing new technologies. We define value domain as a
category of technology assessment within which indica-
tors are nested. The targeted literature review identified
common indicators and key value domains. The research
team had a consensus meeting to extract and consolidate
overlapping relevant indicators and value domains to
create an initial value framework. Moreover, ‘‘more
information’’ paragraphs were created for each indicator
to ensure all participants had a strong and similar under-
standing of each indicator.

Stakeholder identification and invitation. Five key stake-
holder groups were identified and included in creating
the value framework through participation in a Delphi
exercise. These groups were patients (including patient
advocates) and caregivers, HCPs with experience using
DHTs, supply-side stakeholders (those involved in the
conception/production of DHTs), decision makers (pric-
ing and budgetary decisions for DHT reimbursement),
and, lastly ‘‘influencers’’ (academics and policy experts).
Appendix Section 2.2 and Appendix Table 3 discuss elig-
ibility criteria.

Participants were primarily identified through the
London School of Economics (LSE) networks; however,
assumptions around individuals’ willingness to partici-
pate were made at the beginning of the project that did
not hold throughout the recruitment period. We found
that Americans and Germans from the patient, HCP,
and decision-maker stakeholder groups were not easily
agreeable to participate in the study; the strategy was
thus changed, and professional recruiters were hired to
ensure equal participation from the different groups. The
research team decided the importance of equal represen-
tation outweighed potential biases that recruiters may
have introduced and constitutes a limitation. Please see
Appendix section 2.2 for more information regarding
recruitment.

Stage 2: Value Framework Update through
Stakeholder Input

The Delphi approach was used to elicit the preferences
and value concerns of different stakeholder groups. Del-
phi studies are used to measure consensus and dissensus
of participants regarding a particular topic throughout
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several ‘‘rounds’’ of the exercise.17 When using this
method, before determining consensus levels, it is impor-
tant to 1) have an open qualitative round for stake-
holders to submit their opinions and ideas; and 2)
establish the stability of participant responses between
rounds because if a participant’s opinion is actively
changing, levels of agreement can change in response.17,18

We used the online platform Welphi19 to perform our 3-
round Web-based Delphi exercise.

Stakeholder proposed indicators. In R1 of the Delphi
exercise, stakeholders were shown our initial proposed
value framework consisting of 34 indicators in 6 domains
and were asked to comment on and propose new indica-
tors. NVivo software20 was used to thematically analyze
proposed indicators to incorporate in the updated value
framework. The themes were incorporated either by cre-
ating new indicators or assimilation into previously pro-
posed indicators.

Stage 3: Quantitative Analysis of Framework

Likert scale data were collected through R2 and R3 of
the Delphi exercise and were analyzed according to parti-
cipant stakeholder and country groups.

Delphi rounds 2 and 3. In R2, participants were pre-
sented with the updated framework and asked to rate
each indicator on a 5-point ‘‘importance’’ Likert scale
(1–5, with 1 being not at all important and 5 being very
important) according to the decision context proposed.
In R3, participants were shown how they responded to
each indicator and the distribution of responses across
the entire group. They then could change their answer or
keep it the same.

Statistical analyses. Several statistical tests were com-
pleted using STATA 16.1 software21 to determine stake-
holder and country group differences. First, the
interrater agreement (IRA) of participants within each
group was determined through the Kappa statistic and
Gwet’s agreement coefficient with linear weights, using a
benchmark scale to assess the levels of agreement.22 This
enabled us to compare groups with sufficient internal
agreement by establishing whether individuals within
each stakeholder and country group had a substantial
likelihood of making the same judgment independently.

Second, Wilcoxon’s test was used to assess the stabi-
lity of group responses for each indicator between R2
and R3, showing whether respondents were confident in
their judgments or were actively changing their minds

and considering new viewpoints. Stability was considered
a prerequisite to consensus measurement, as unstable
indicators warrant further exploration in additional Del-
phi rounds.17,18,23 An indicator is considered unstable if
�1 subgroup is unstable according to the Wilcoxon test.

Third, consensus or dissensus of each indicator for the
entire group was determined by the interquartile range
(IQR) and median responses for each indicator. Consensus
was defined if an indicator was stable and IQR was � 1.
Subgroup analysis using the Kruskall-Wallis H-test was
conducted to determine whether there were significant dis-
agreements between groups for each indicator, and Dunn’s
test was used to establish which groups disagreed. An indi-
cator could have consensus based on IQR even if a signifi-
cant disagreement was found between two groups.

Finally, the final value framework was created based
on inclusion criteria: first, a simple majority threshold
(.50%) of all participants rating the indicator as impor-
tant or very important; second, indicators must demon-
strate stability across groups; and, third, indicators must
have an IQR � 1, indicating overall consensus among
all participants. The final value framework was split into
levels of ‘‘importance’’ based on the majority respondent
result in R3. Appendix Table 4 shows an overview of the
chosen methodologies and definitions.

Results

The exploration of this collaborative framework began
with a proposal of 34 indicators based on the literature
review, was adapted to 45 indicators based on partici-
pant contributions, and currently stands at 16 stable indi-
cators with consensus created through value judgements
in a Web-based Delphi exercise.

Web-Delphi Panel Participants

When organizing the Web-Delphi, 212 people were ini-
tially contacted to take part, of whom 129 accepted the
invitation, including 25 patients, 32 HCPs, 29 supply-side
actors, 19 decision makers, and 24 influencers. R1 had
101 active participants (78% participation rate), R2 had
91 active participants (70.5% participation rate), and by
R3, there were 79 active participants, giving a 61% over-
all retention rate. A breakdown of participation and par-
ticipant demographics is shown in Appendix Tables 7
and 8, respectively. Most participants were male, White,
and between the ages of 30 and 60 years old.

Indicator Alteration from Round 1 Thematic Analysis

Of the initial 34 indicators proposed by the research
team, 15 remained the same, 13 were altered and 6 were
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removed based on R1 qualitative feedback in the form of
comments and respondent-added indicators (Appendix
Table 9). Seventeen additional indicators were added to
ensure all participant-added themes were incorporated in
the draft framework, resulting in 45 indicators used in
R2 and R3. Examples of indicators proposed by partici-
pants that were not included in the initial framework
include ‘‘Multi-stakeholder design, development and
implementation,’’ ‘‘Sustainable data architecture,’’ and
‘‘Integrates with and improves clinical processes.’’

Consensus Measurement

Agreement within groups. The IRA was calculated for
each stakeholder and country group. Within the stake-
holder groups, patients and decision makers maintained
substantial agreement between R2 and R3, with HCPs
being the least agreeable, moving from ‘‘fair agreement’’
(Ky = 0.40) in R2 to ‘‘moderate agreement’’ (Ky =
0.53) in R3 (Table 2). Within country groups, Germany
had a limited movement toward consensus compared
with the United Kingdom and United States, maintain-
ing ‘‘fair agreement’’ throughout both R2 (Ky = 0.43)
and R3 (Ky = 0.48) (Table 2). This indicates that Brit-
ish and American participants were more aligned in their
value sentiments than Germans.

Stability between rounds. For an indicator to be
unstable, a significant number of participants within a
stakeholder group changed their answer between R2 and
R3. Nineteen (out of 45) indicators were shown to lack

stability in either country or stakeholder groups, with 16
indicators unstable in �1 stakeholder group and 12 in
the �1 country group. Nine indicators overlapped
between both stakeholder and country groups (see Table
3). Although there is a considerable amount of instabil-
ity, in all unstable indicators, participants trended
toward consensus and positivity; that is, participants
were deciding whether indicators were ‘‘important’’ or
‘‘very important.’’

Stability among stakeholder groups. Concerning stake-
holder groups, HCPs and influencers were the least sta-
ble, indicating a higher propensity to change their minds
after seeing other participant responses. Their instability
was predominantly in the ‘‘data rights and governance,’’
‘‘technical and security,’’ and ‘‘clinical characteristics’’
domains. Examples include a significant number of
HCPs changing their responses for ‘‘Sharing of identifi-
able data to outside commercial entities is not permissi-
ble’’ (Z = 21.995) and influencers for ‘‘Processes are in
place to prevent unauthorized access to patient outcomes
and data’’ (Z = 22.000) (Table 3). In both of these
examples, many HCP respondents shifted their answers
toward overall group consensus and higher importance
ratings.

Stability among country groups. The United Kingdom
was the most unstable country group, changing their
mind significantly between rounds for 11 indicators, six of
which were in the ‘‘data rights and governance’’ domain.
The most unstable indicator for UK respondents was

Table 2 Interrater Agreement within Stakeholder and Country Groups across All Indicators

Round 2 Round 3

Ky 95% CI Benchmark Interval Ky 95% CI Benchmark Interval

Stakeholder groups
Patients 0.72*** 0.68 0.75 Substantial agreement 0.74*** 0.70 0.78 Substantial agreement
Health care professionals 0.40*** 0.32 0.48 Fair agreement 0.53*** 0.45 0.61 Moderate agreement
Supply side 0.52*** 0.42 0.63 Moderate agreement 0.59*** 0.49 0.69 Moderate agreement
Decision makers 0.62*** 0.56 0.67 Substantial agreement 0.66*** 0.60 0.72 Substantial agreement
Influencers 0.58*** 0.52 0.65 Moderate agreement 0.68*** 0.61 0.75 Substantial agreement

Country Groups

Germany 0.43*** 0.33 0.54 Fair agreement 0.48*** 0.38 0.58 Fair agreement
United Kingdom 0.58*** 0.50 0.65 Fair agreement 0.68*** 0.61 0.75 Substantial agreement
United States 0.64*** 0.59 0.69 Substantial agreement 0.61*** 0.55 0.67 Substantial agreement

Source: The authors from the analysis of Delphi data. Interrater agreement measured by the Gwet’s agreement coefficient with linear weights.

Benchmark scale of the level of agreement as suggested by Landis and Koch21: Coefficient \ 0.00, poor agreement; 0.00 \ coefficient � 0.20,

slight agreement; 0.20 \ coefficient � 0.40, fair agreement; 0.40 \ coefficient � 0.60, moderate agreement; 0.60 \ coefficient � 0.80,

substantial agreement; 0.80 \ coefficient � 1, almost perfect agreement [1].

***P \ 0.01.
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Table 3 Significantly Unstable Indicators by Stakeholder Group and Country Group between R2 and R3

Value Domain Indicator
Wilcoxon Test

Z Value (.P Value)
Unstable

Stakeholder Group

Data rights and
governance

The storage and processing of data correspond to
national legal requirements for data privacy

21.997 (0.046) Influencer

Policies on data privacy, sharing, collection, and
commercialization are clearly communicated to
all users

22.277 (0.026) HCP

Upon discontinuation of use, methods of de-
registering and deleting data are clearly
communicated to all users

21.997 (0.046) Influencer

Systems are in place for health data (RWD) and
its analytics (RWI) to contribute to real-world
evidence (RWE) generation while adhering to
privacy standards (including postmarketing
approval)

22.436 (0.015) HCP

Sharing of identifiable data to outside
commercial entities is not permissible

21.995 (0.046) HCP

Technical and
security

Complies with local data protections 22.000 (0.046) Influencer
Security specifications are simply and
transparently communicated to all users,
including detailed information about updates

21.996 (0.046) HCP

Processes are in place to prevent unauthorized
access to patient outcomes and data

22.000 (0.046) Influencer

Data interoperability 22.441 (0.015) HCP
Capable of working and storing data offline and
then syncing when internet is restored, where
clinically appropriate

22.228 (0.026) Supply Side

Where applicable, convenient, and sustainable
device consumables

21.995 (0.046) HCP

Clinical characteristics Evidence of clinical benefit based on patient-
centered endpoints

21.996 (0.046) HCP

Clinical risk management in place 21.996 (0.046) HCP
Where applicable, improves quality of life for
patients and carers

21.997 (0.046) Influencer

Where appropriate, uses real-world data for
proof of benefit

21.995 (0.046) HCP

User preferences Where relevant, offers customizable integration
with other solutions to facilitate management of
multiple co-occurring conditions

21.995 (0.046) HCP

Value Domain Indicator

Wilcoxon Test

Z Value (.P Value)

Unstable

Country Group

Data rights and governance The storage and processing of data correspond to
the regional legal requirements for data privacy

21.988 (0.046) UK

Data are user owned 21.987 (0.046) UK
Policies on data privacy, sharing, collectionm
and commercialization are clearly
communicated to all users

22.000 (0.046) UK

Upon discontinuation of use, methods of de-
registering and deleting data are clearly
communicated to the user and are not difficult
to achieve

22.233 (0.026) UK

Systems are in place for health data (RWD) and
their analytics (RWI) to contribute to real-
world evidence (RWE) generation while
adhering to privacy standards (including
postmarketing approval)

22.233 (0.026) UK

Sharing of identifiable data to outside
commercial entities is not permissible

21.997 (0.046) UK

(continued)
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‘‘data interoperability’’ (Z = 22.640). Germany had one
unstable response: ‘‘Capable of working and storing data
offline and then syncing when internet is restored, where
clinically appropriate’’ (Z = 21.997) (Table 3). In line
with the overall response trends, these country group
instabilities reflect individuals shifting their answers
toward group consensus and high importance ratings.

Agreement across all respondents. IQR was used to mea-
sure consensus across all respondents. Sixteen were found
to have stable consensus, ten being rated very important
and six important according to most respondents (Appen-
dix Table 10). Ten indicators had statistically significant
stable dissensus (IQR = 2) across R2 and R3, three of
which were in the user preferences domain (‘‘Connection

to peer support where appropriate,’’ ‘‘User is able to
choose communication method as a result of personal pre-
ferences,’’ and ‘‘Technology is offered in multiple lan-
guages’’) (Table 4). Two of the three health inequalities
indicators also had a stable dissensus: ‘‘Supports digital lit-
eracy’’ and ‘‘Helps reduce socioeconomic health inequal-
ities.’’ The former has a negative rating of 25% and neutral
rating of 18% in R3. Negative ratings (i.e., rating as not at
all important or little importance) of indicators with dissen-
sus ranged from 5% to 25%.

Subgroup Analysis

The Kruskal-Wallis H-test and Dunn’s test were used to
locate statistically significant group disagreements. Five

Value Domain Indicator

Wilcoxon Test

Z Value (.P Value)

Unstable

Country Group

Technical security Data interoperability 22.640 (0.008) UK
Capable of working and storing data offline and
then syncing when Internet restored, where
clinically appropriate

21.997 (0.046) Germany

Sustainable data architecture 21.977 (0.046) UK
Evidence of clinical benefit based on patient-
centered endpoints

21.988 (0.046) UK

Clinical characteristics Clinical risk management in place 21.988 (0.046) UK
Economic characteristics Affordability to the patient 21.988 (0.046) UK

Source: The authors from the Delphi data analysis. Value aspects are displayed only if there is a significant difference (P \ 0.05) in the median

values for a set of groups between R2 and R3. Stakeholder group sample sizes are between 13 and 18 participants, and country group sample

sizes are between 19 and 22.

Table 4 Indicators with Entire Group Dissensus in R3 Based on IQR

Value Domain Indicators Median IQR

Health inequalities Supports digital literacy Important 2
Helps reduce socioeconomic health inequalities Important 2

Data rights and governance Data are user owned Very important 2
Technical and security Uses multifactor authorization Important 2

Where applicable, ability for patient-users to input data Neutral 2
Clinical characteristics Supports and sustains lifestyle changes Important 2
Economic characteristics Premarketing approval, innovation incentives exist for

supply-side actors, such as opportunities for managed entry
and risk-sharing agreements

Important 2

Affordability to the patient Very important 2
User preferences Connection to peer support where appropriate. Important 2

Provides an attractive/engaging experience for the end user Important 2
User can choose communication method as a result of
personal preferences

Important 2

Technology is offered in multiple languages Important 2

Value aspects were included only if their IQRwas .1 (i.e., there was no consensus among participants). The Likert scale has an interval of 1

between each answer.

Table 3 (continued)
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indicators were significantly disagreed upon between sta-
keholder groups; the most frequent disputes between
supply-side actors and patients, with patients rating indi-
cators significantly more positively (of higher impor-
tance) than the supply-side (Table 5). HCPs significantly
disagreed with both influencers and patients indicator
‘‘Helps reduce socioeconomic health inequalities’’ with
6% of HCPs rating the indicator as very important com-
pared with 44% of influencers and 60% of patients.

Stakeholders from Germany and the United States
disagreed significantly on four indicators in the health
inequalities, technical and security, and clinical charac-
teristics domains. The indicator ‘‘Supports digital lit-
eracy’’ was opposed, with 0% of Germans rating it as
very important compared with 37% of Americans (Table
5). Table 6 includes all indicators and displays stability
across R2 and R3 and consensus across stakeholder and
country groups. Overall rated importance reflects the
percentage of respondents that rated the indicator as
either important or very important in R3. Indicators range
from 48% to 100% rated overall importance.

Final Value Framework

The 16 indicators with stable consensus that comprise
the value framework (Table 6) reflect ideas around a sys-
tem’s willingness to pay, the potential for health system
integration, the user experience, and technical reliability.
A system’s willingness to pay includes value indicators
such as affordability, cost-effectiveness, sustainability,
and value-based care. The potential for system integra-
tion focuses on clinical processes and patient activation,
while the user experience focuses on indicators such as
ease of adoption, user support, multistakeholder design,
and user engagement. Technical reliability has to do with
the performance of the technology, including regulatory
compliance, procedures for software updates, and well-
established data provenance.

Discussion

Value assessment frameworks are essential building
blocks for HTA methods that traditionally rely on asses-
sing the efficacy and cost of new technologies, while
assessment of societal impact comes second. This
approach is changing, though, as Multiple Criteria Deci-
sion Making (MCDA) methods gain increased popular-
ity and health systems shift toward value-based care
models. The penetration of digital technology in health
care is also a significant factor driving this shift, because
data collection creates broader impacts and raises assess-
ment issues beyond those previously raised by

pharmaceuticals and medical devices. In this Delphi
study, we solicited value judgments across various
domains and indicators, including those specific to digi-
tal technology and data collection. In line with senti-
ments throughout the digital health space, our results
indicate that stakeholders are not entirely confident of
where value lies in provider-facing DHTs and how they
should be assessed.

Ultimately, this exercise aims to help guide decision
makers in their duty to translate from stakeholder value
sentiments into reimbursement decisions. The resultant
value framework can be operationalized and adapted to
suit different contexts within the provider-facing DHT
space. All stable indicators with consensus are repre-
sented in the framework, but some have higher impor-
tance scores than others do; thus, indicators with high
importance scores may correspond to stronger recom-
mendations for reimbursement considerations. In addi-
tion, not all indicators will be linkable to reimbursement.
Some indicators in this framework are more relevant for
legal, ethical, and regulatory considerations, such as
information governance standards.

As illustrated in the ‘‘Results’’ section, there were high
rates of instability across stakeholders and value
domains. Instability is a notable finding on its own, as it
reflects changing value judgments and uncertainty from
stakeholders. For several indicators, at least one group
changed their mind significantly between the second and
third rounds of the Delphi exercise. In fact, only one
indicator in the ‘‘data rights and governance’’ domain
was stable enough to draw conclusions. Interestingly, this
one indicator, ‘‘Adheres to strong information govern-
ance standards, including processes for data protection
violations,’’ had the highest rating of all indicators, with
85% of all participants rating it very important in R3.
This instability demonstrates the novelty of provider-
facing DHTs and digital impact on the health system at
such a large scale. Assessing these types of DHTs for
chronic disease management is truly a new challenge for
all health system stakeholders, as there is wide variety in
DHT design and purpose. With much left unknown, sta-
keholder participants seemed to defer judgments to oth-
ers and changed their answers to align with the majority.
However, it is important to note that, of the unstable
indicators, the predominant movement was between the
ratings of important and very important, indicating that
participants acknowledge the relevance and importance
of the indicators. All unstable indicators except one
showed shifting judgments to group consensus and higher
importance ratings. Only one indicator, ‘‘Capable of
working and storing data offline and then syncing when
Internet is restored, where clinically appropriate,’’ did not
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change ratings to the R2 consensus of very important but
still showed increasing importance ratings, with most rat-
ing important. Overall, the change trended toward group
consensus whenever participants changed their answers.
Further rounds of Delphi are needed to establish the sta-
bility of these indicators to determine a conclusive rating
of important or very important. A quarter of all indicators
demonstrated dissensus among all respondents (Table 4),
four of which also had significant group disagreements
(Table 5). Dissensus resulted from high neutrality ratings
and considerable distribution of responses among the
importance scale (distribution of responses can be seen in
Appendix Figure 2). Although there was a minor move-
ment toward consensus and positivity, there was limited
movement of responses between the rounds, resulting in
the inability to make conclusions. This minimal rating
movement indicates that participants were not budging in
their decisions. Thus, without gaining an insight into why
these disagreements were happening, further rounds of
Delphi may be unable to help participants reach

consensus. To move forward and understand the reason-
ing behind this dissensus, conversations between different
respondents and stakeholder groups could be facilitated
to understand why decisions were made and what pre-
cisely the disagreements were. For example, the indicator
discussing premarketing approval had little to no move-
ment between the rounds, maintaining 32% neutral rat-
ings. For highly complex topics, such as premarketing
approval, it would be particularly impactful to discuss the
topic in detail among different stakeholders to under-
stand where disagreements are happening and ensure a
solid base-level understanding of the topic to facilitate
discussions surrounding their importance related to
provider-facing DHTs.

Wide-scale digital innovation is highly complex, and
all stakeholders involved must take the necessary time to
learn about and understand these new technologies to be
able to interpret what kind of impact they may create
and how they may offer value. For this reason,
knowledge-sharing and co-creation initiatives such as

Table 5 Indicators in R3 with Significantly Different Group Responses

Value Domain Indicator

Kruskal-Wallis

H Test
a

Stakeholder Groups: Dunn’s Test for
Pairwise Comparisonsb and Percentage of

Group Positive Judgments
c

Health inequalities Helps reduce socioeconomic health
inequalities

12.761** HCP (56%) – Influencer (94%)**
HCP (56%) – Patient (87%)***

Technical and
security

Where applicable, ability for patient-
users to input data

9.951** Supply (35%) – Patient (24%)**

Clinical
characteristics

Improves patient adherence 11.329** Supply (53%) –Patient (100%)***
Supports and sustains lifestyle
changes

10.597** Supply (41%) – Patient (87%)***

Where applicable, improves quality
of life for patients and carers

10.477** HCP (69%) – Patient (100%)***

Value domain Indicator Kruskal-Wallis H test
a

Country groups – Dunn’s test for pairwise
comparisonsb and percentage of group

positive judgments

Health inequalities Supports digital literacy 10.012*** Germany (33%) – United States (79%)***
Technical and
security

Where applicable, convenient and
sustainable consumables

6.148** Germany (52%) – United States (79%)**

Clinical
characteristics

Improves patient adherence to
treatment

7.375** Germany (71%) – United States (95%)***

Supports and sustains lifestyle
changes

11.774*** Germany (43%) – United States (84%) ***

For instability, value aspects are displayed only if there is a significant difference in the median values for a country between round 2 and 3.

Sample size ranges from 19 to 22.
aChi-squared adjusted for ties with 4 degrees of freedom. For simplicity of the table, only the value aspects for which a statistically significant

result was found are showed.
bDunn’s test (pairwise multiple comparisons using the Bonferroni adjustment) **P \ 0.05; ***P \ 0.01. Percentages display the percentage of

each country group that rated each indicator positively, that is, important or very important.
cPositive judgments include participant ratings of important or very important.
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this one are crucial to the success of this space. Perhaps
there is not a comprehensive understanding within and
across stakeholder groups of exactly the magnitude of
impact these digital innovations can impose on health
systems. The health sector has been largely shielded from
the effects of Big Data integration due to regulatory pro-
tections. However, we have reached a critical juncture in
digital health development that narrowing these knowl-
edge gaps has become an urgent initiative. Two of the
three indicators in the health inequalities domain had
dissensus based on IQR and significant stakeholder
group disagreements: ‘‘Reduces socioeconomic health
inequalities,’’ with disagreements between HCPs and
influences, and HCPs and patient-users, and ‘‘Improves
digital literacy,’’ with disagreements between Germans
and Americans (see Table 5). Significant disagreements
between stakeholder groups highlights the importance of
a multistakeholder collaboration approach that uses the
Delphi method to build consensus. Particularly regard-
ing social value indicators around health disparities,
including participants from a diverse set of health back-
grounds ensures that a wide variety of viewpoints are
represented. DHTs can both mitigate and perpetuate
health inequities and the digital divide. Still, to improve

the current situation, they must use user-friendly inter-
faces and AI trained on unbiased data. AIs have a
unique opportunity to reduce health inequities, such as
the ability to identify health disparities in marginalized
communities and the development of targeted interven-
tions. On the other hand, AI is susceptible to algorithmic
bias and can certainly lead to an increase in inequity,
particularly racial bias, if there is poor representation in
its training data set, human errors in design, inaccurate
research questions, and/or data set shift, which is why it is
so important to have methods in place to evaluate AI-
based DHTs.24 Bad outcomes can also occur with inade-
quate user involvement throughout development, poten-
tially resulting in a user experience that is not aligned with
the needs of the primary user group. It would be helpful
to confirm whether all participants were aware of these
dynamics. Participants were screened for eligibility based
on their knowledge of and/or experience with DHTs, but
individual expertise varied across participants.

Despite the novelty and complexity of assessing of
DHTs, specifically provider-facing DHTs that can affect
more than one patient and involve multiple types of tech-
nologies, we found there to be consensus and stability
across several criteria, ten of which the majority of

Table 6 Final Value Framework for Provider-Facing DHTs Showcasing Ranked Accepted Indicators according to the Rating of
Most Participants

Value Domain
Ranked Stable Indicators with

Very Important Rated by Majority
Percentage of Participants
Rating Very Important

Data rights and governance Adheres to strong information governance standards,
including processes for data protection violations

85%

Economic characteristics Long-term cost-effectiveness to the system 81%
Technical and Security Data has a high degree of integrity and credible provenance 78%
Economic characteristics Affordability to the system 72%
Clinical characteristics Integrates with and improves clinical processes 71%
User preferences Relevance of the solution to the targeted user group 62%
Technical and security Systems are in place for continued product development and

security updating after product release
57%

Clinical characteristics Improves communication and information sharing 47%
Economic characteristics Adheres to value-based care methodology 47%
Health Inequalities Does not exacerbate existing health inequalities 44%

Value Domain
Ranked Stable Indicators with
Important Rated by Majority

Percentage of Participants
Rating Important

User preferences Technical and user support 51%
Economic characteristics Sustainable system improvements through resource

optimisation
46%

User preferences Ease of adoption and use with minimal training 47%
Clinical characteristics Improves personal health engagement and patient activation,

including improved decision-making abilities
43%

User preferences Multi-stakeholder design, development, and implementation 46%
User preferences Provides an attractive/engaging experience for the end-user 44%
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respondents rated as very important and six as important.
The three highest-rated rated indicators were ‘‘Adheres
to strong information governance standards, including
processes for data protection violations,’’ ‘‘Long-term
cost-effectiveness to the system,’’ and ‘‘Data has a high
degree of integrity and credible provenance,’’ respec-
tively, rated 85%, 81%, and 78% very important for the
assessment of provider-facing DHTs. The concepts pres-
ent within these indicators are important in enabling
health systems to move toward efficient, proactive, and
collaborative care, which provider-facing technologies
have strong capabilities to enable. Strong information
governance standards and data integrity are essential for
merging data sets, maintaining data privacy and security
across settings and integrating data into electronic health
records. These indicators also highlight the diligence
respondents place on data, specifically on ensuring its
accuracy and reliability, and how technologies must be
responsible for data privacy and security.

Implications

We believe there is a potential for significant implica-
tions of this research. Our findings indicate a need for
continued investigations in this area to implement HTA
policies that accurately evaluate digital health innova-
tions. These issues also raise the question of whether cur-
rent regulatory frameworks must be updated to ensure
the privacy and security of health information, particu-
larly in an age of personalized medicine. While some
indicators can be part of HTA appraisals, others may
require institutional intervention. Among other issues,
widespread data collection and RWE to meet evidence
standards illustrate that DHTs not only bring forward
new domains of value to be assessed but also point out
gaps in regulatory needs. By understanding what differ-
ent stakeholders value, health care decision makers can
introduce policies promoting the creation of solutions
that can meet the needs of multiple stakeholders.

Limitations

Our study is not without limitations. First, additional
Delphi rounds will need to be conducted to establish sta-
bility for all indicators to draw complete conclusions. A
fourth Delphi round might have reduced the number of
indicators with significant instability. Second, Delphi R1
did not have an option for participants to alter value
domains, only indicators, which may limit creativity and
introduce bias during the open-ended portion of the
panel. However, the starting framework resulted from an
extensive literature review coupled with expert input from

stakeholders. Third, results from this exercise are not gen-
eralizable to all health systems as they pertain to three
specific countries; nonetheless, they provide a helpful
starting point for a similar exercise across several con-
texts. Fourth, during recruitment, some, not all, partici-
pants were paid by professional recruiters to participate
to ensure an equal number, and therefore a comparable
sample, of participants from our three study countries
and five stakeholder groups. The research team decided
that the importance of equal representation outweighed
potential biases that professional recruiters may have
introduced. There is an ongoing debate in the research
community about the type of bias introduced by paying
or not paying participants; please see Appendix section
2.2 for further information. Finally, it is not possible to
conduct power analysis for nonparametric tests in
STATA. Therefore, subgroup analysis regarding dis-
agreements between stakeholder and country groups were
not powered, and effect sizes could not be calculated.

Conclusion

We have created a value assessment framework for the
assessment of provider-facing DHTs comprising a total
of 45 indicators, 16 of which were stable, resulting in con-
sensus among participants. There was some instability in
participant responses, particularly regarding indicators
within the ‘‘data rights and governance’’ domain. To a
certain extent, this is to be expected due to the novelty of
the integration of data and analytics in heath technolo-
gies and their assessment. Furthermore, the impact of
these technologies beyond single patients adds an addi-
tional layer of complexity to the technology assessment
process. Further work is needed to ensure that, across all
types of stakeholders, there is a clear understanding of
the potential impacts of system-facing DHTs. Such far-
reaching and complex impacts highlight the importance
of continued multistakeholder involvement in the devel-
opment of value assessment frameworks.
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