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Background 

Digital health technologies (DHT) are defined as the “use 

of information technology and electronic communication 

tools within the delivery of healthcare services” (Canada 

Health Infoway 2021). DHTs, including artificial 

intelligence (AI) tools, software and devices used for 

research and development, diagnosis, prognosis, 

monitoring, and therapy (Kasoju et al. 2023). In this 

booklet, the term DHT will be used interchangeably with 

other terms such as digital health intervention (DHI), 

digital biomarker (DBM) based intervention or digital 

medical device.  

Over the past decade, market uptake of DHTs has 

accelerated, and the COVID-19 pandemic further 

catalysed this growth (Golinelli et al. 2020). In 2022, the 

global DHT market was 211 bn USD, forecasted to grow 

at a compound annual rate of 18.6% until 2030 (Kasoju et 

al. 2023). In 2017, over 318 000 health apps were 

available in app stores, with 200 added each day (IQVIA 

Institute for Human Data Science 2017).  
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In parallel, large scale legal and regulatory frameworks 

were introduced in the United States (US) and the 

European Union (EU) to protect markets, population 

health and fundamental rights. These include the US Food 

and Drug Administration’s (FDA) Medical Device 

Amendments of the 1976 Federal Food, Drug and 

Cosmetic Act, the EU Medical Device Regulation (MDR) 

the EU In Vitro Diagnostic Medical Devices Regulation 

(IVDR), and the EU Artificial Intelligence Act, the 

General Data Protection Regulation (GDPR) (ICLG 

Group 2024). However the regulatory landscape of DHTs 

remained scattered and lags behind technological 

development (ICLG Group 2024). The rapid diffusion of 

ChatGPT, reaching 100 million users within 2 months 

after its launch exemplifies this tension (Hu 2023).  

Unlike the consolidated pharmaceutical industry 

(Shepherd 2018), the DHT market is fragmented, 

comprising of small innovative firms specialised in 

rapidly changing technologies (Kasoju et al. 2023). 

Fragmented markets and elevated regulatory standards 

increase development costs and the price for patients 
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(Khan et al. 2024; Heinemann 2021). To facilitate patient-

access, many developers seek public funding. Yet, public 

financing and health technology assessment (HTA) 

processes (i.e., structured assessments to inform decision 

makers) represent another diverse landscape (Tarricone, 

Petracca, and Weller 2024).  

Several innovation theories provide perspective on this 

scattered landscape. The Social Construction of 

Technology (SCOT) argues that technologies are not 

defined solely by their function or utility, but by the 

meanings attached to them by relevant social groups 

(Pinch and Bijker 1984; Bijker, Hughes, and Pinch 1993). 

Currently, digital health is in a phase of  interpretive 

flexibility, when DHTs may signify the next big thing to 

investors, efficiency for health managers, empowerment 

for patients, or risk for regulators. Through the 

interactions of social groups, these contested meanings 

advance toward closure, when interpretations stabilise 

through standards, guidelines, or institutional practices. 

Structuration Theory conceptualizes how structures (e.g., 

institutions, rules, and resources) shape action while 
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simultaneously being shaped by social actors (Giddens 

1984). Evidence frameworks or reporting standards, for 

example, both structure and shaped by the innovation 

practices of developers, policymakers, and clinicians. 

Evolutionary economics highlights path dependency, 

whereby innovations are embedded in pre-existing 

institutional and market arrangements (Nelson and Winter 

1982; Dosi 1982). DHTs are initially fitted into structures 

developed for pharmaceuticals, such as evidence 

frameworks, reimbursement models, and HTA 

procedures. Over time, DHTs and institutional 

frameworks co-evolve until more stable market and 

institutional configurations emerge (Freeman 1987).  

A substantial part of my research has focused on 

methodological developments for conducting and 

reporting HTA studies of DHTs. I have led research for the  

Digital Health Special Interest Group (DH-SIG) of ISPOR 

(the “leading professional society for health economics 

and outcomes research globally”) and contributed to the 

TKP2020-NKA-02 and TKP2021-NKTA-36 projects 

(Assessment of Digital Health Technologies: Efficacy, 
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Safety and Societal Benefits) funded by the National 

Research, Innovation and Development Fund of Hungary.  

Through a series of descriptive and prescriptive studies, 

my work has evaluated and shaped the methodological 

and reporting quality of evidence syntheses and health 

economic evaluations of DHTs. In this way, my research 

has contributed both to the discourse over the meaning of 

DHTs as well as the institutional frameworks shaping their 

innovation and market access. This thesis booklet 

addresses the following questions.  

1. In the lack of standardized DHT taxonomies, how can 

DHTs be uniquely defined?  

2. How COVID tracing apps balance between data 

privacy and public health interests?  

3. Beyond the traditional HTA modules, what evidence 

is required by payers for funding decisions of DHTs?  

4. What do structured assessments reveal about the 

quality of clinical evidence and reporting of various 

DHTs?  

5. How to select a reporting guideline for a medical AI 

study?  
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Results 

In the lack of standardized DHT taxonomies, how 
can DHTs be uniquely defined?  

Publication 1: Scoping review of systematic reviews of 
digital biomarkers  

Rationale 

Digital biomarkers (DBM) are “objective, quantifiable, 

physiological and behavioural measures collected using 

digital devices that are portable, wearable, implantable or 

digestible” (Babrak et al. 2019). DBMs allow data 

collection at times or places that are not possible in 

clinical settings, supporting personalised therapy, 

monitoring or prognosis [1]. Systematic reviews usually 

formulate research questions using the PICO framework 

(Patient, Intervention, Comparator, Outcome). Given the 

absence of a standard DBM taxonomy, we examined to 

what extent the PICO elements of systematic reviews of 

DBMs can be mapped to existing international medical 

taxonomies: the WHO International Classifications of 

Diseases 11th revision (ICD 11) (WHO 2020a), the 

International Classification of Health Interventions 
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(ICHI) (WHO 2020b), and the International Classification 

of Functioning, Disability and Health (ICF) (WHO 2001).  

Methods 

We performed a systematic scoping review by searching 

systematic reviews of DBMs in PubMed and the Cochrane 

Library published in 2019-2020. PICO questions for 

identified DBM-based interventions were mapped as 

follows. patients to ICD 11, interventions to ICHI, 

comparators to ICHI, outcomes to ICF. Details are 

provided in [1].  

Results 

From 375 records, we identified 31 systematic reviews. 

Of the 31 studies, 25 (80.6%) mapped to ICD 11 disease 

categories, while 6 (19.4%) concerned healthy 

populations (e.g., employees, students or healthy 

individuals) not represented in ICD 11. A small number of 

interventions (2/31, 6.5%) could not be coded with the 

WHO ICHI tool.  
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New results 

Most PICO questions of DBM systematic reviews could 

be coded using WHO tools, but interventions on healthy 

populations were not classifiable. As prevention and risk 

reduction in healthy populations are key applications of 

DHTs, this gap in international medical taxonomies 

should be addressed to capture all use cases of DHTs. 

Publication 2: The Usefulness of Digital Health Terms for 
Outcomes Research 

Rationale 

The COVID pandemic accelerated the adoption of DHTs 

(Koonin et al. 2020). Expectations were high regarding 

improvements in care quality, healthcare analytics (Wake 

et al. 2020), consumer empowerment and informed 

decisions,  or tackling health inequity or poor access to 

services (FDA 2020; WHO 2019). However, inconclusive 

evidence summaries revealed uncertain effects, 

methodological heterogeneity and a lack of consistent 

terminology related to DHTs (Stevenson et al. 2019).  

Conducted by DH-SIG of ISPOR this research aimed to 

examine definitions of four umbrella terms: digital health, 
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eHealth, mHealth and telehealth / telemedicine; map their 

occurrence and evaluate their usefulness for outcomes 

research.  

Methods 

We conducted a systematic scoping review following the 

Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses guideline extension for Scoping Reviews 

(PRISMA-Scr) (Tricco et al. 2018). With a librarian, we 

combined filters for systematic reviews, Medical Subject 

Headings (MeSH) terms for digital health, and synonyms 

of “definition” to search PubMed/MEDLINE, Embase, 

Cochrane Library, and EconLit. English-language 

systematic reviews published in 2015-2020 were eligible, 

with a digital health-related MeSH term and a synonym of 

“definition” in their title or abstract. Screening, report 

identification, and data extraction were performed 

independently by 15, 10, and 7 pairs of reviewers, 

respectively. Differences were resolved by consensus. 

From full-text reports we extracted digital health-related 

terms and their definitions. Definitions were edited 

according to uniform cleaning rules, and categorised as 
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“original” (e.g., invented by the author), “adopted” (e.g., 

verbatim citations of a primary source), and “adapted” 

(e.g., existing definitions conceptually modified).  Unique 

definitions were counted, and content analysis involved 

the observation of top 20  keywords via term 

frequency/inverse corpus frequency (TF/ICF), and word 

clouds [2].  

Results 

The search yielded 2610 records after deduplication, out 

of which 545 full text papers were examined for 

eligibility. Altogether, 236 systematic reviews contained a 

definition for a digital health-related term, out of which 

134 defined one of the four umbrella terms [2].  

We identified 4, 36,  50, and 52 unique definitions for 

digital health, eHealth, mHealth and telehealth / 

telemedicine, respectively. Between 2016 and 2019, in 

each year nearly 10 novel original definitions were 

observed. While the word “health” dominated most 

definitions, the text analyses revealed no characteristic 

words that differentiated the 4 umbrella terms [2]. 
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Figure 1. Word clouds of digital health umbrella terms  

 

Source: [2] 

New results 

Despite the proliferation of unique digital health-related 

definitions over time, the concepts were overlapping, and 

ambiguous about the functional domains of digital health. 

The DH-SIG recommended combining PICO 

(Population, Intervention, Comparator and Outcome) 

elements with specific secondary digital health terms 

(e.g., telesurgery, telerehabilitation). Relying on umbrella 

terms alone risks overly heterogenous evidence 

summaries of the studied interventions [2]. 
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Publication 3: The PICOTS-ComTeC framework to define 
Digital Health Interventions  

Rationale 

Building on the DH-SIG scoping review, a qualitative 

content analysis mapped the information content of 

secondary digital health-related terms’ definitions to 24 

domains taken from common health research frameworks. 

Thes included PICOTS (Patients, Intervention, 

Comparator, Outcome, Timing, and Setting) (US Food 

and Drug Administration na), the Shannon-Weaver model 

of communication (Neuendorf 2017), the Agency for 

Healthcare Research and Quality quality domains (AHRQ 

na), technological features, geographic scope and the 

WHO’s Classification of Digital Health Interventions 

(WHO 2018). In 101 included definitions, we identified 

95 distinct information patterns [3]. 

Given this heterogeneity, the DH-SIG sought to develop a 

standardised minimum information framework to define 

DHTs.  



 
15 

Methods 

We conducted an international 3-round Delphi consensus 

study with DH-SIG members. Volunteers with at least 

moderate familiarity with DHTs were included. Initial 

items were drafted by a core group, with additional items 

suggested by panel members during the first Delphi 

round. Consensus was then pursued in rounds two and 

three using predefined thresholds. The study followed the 

Conducting and Reporting Delphi Studies (CREDES) 

guideline (Junger et al. 2017) and the Enhancing the 

QUAlity and Transparency Of health Research 

(EQUATOR) Guidance for Developers of Health 

Research Reporting Guidelines (Moher et al. 2010). 

Further methodological details are provided in [3].  

Results 

Eighteen, 11, and 10 experts participated in the three 

Delphi rounds. The panel was diverse in geography, 

gender, age, expertise, and work setting. With high overall 

agreement, 9 domains (Patients, Intervention, 

Comparator, Outcome, Timing, Setting, Communication, 

Technology, Context) and 32 subcategories were retained. 



 
16 

The PICOTS-ComTeC framework was pilot tested on 

four breast cancer disease-management apps. 

Table 1. The PICOTS-ComTec framework 

Item Explanation 
Population Domain Characterization of patients/ population(s) 
Target Population/ 
Diagnosis Diagnosis/ condition/ population (may be more than one) 

Demographic 
Characteristics Socio-demographics of population (e.g., age, gender, education) 

Special User 
Characteristics  DHI relevant user characteristics (e.g., digital literacy, PC access) 

Intervention Domain Description of DHI Intervention including key components and interactions 
Key Function/ Intended 
Use Intended function (e.g., online screening to identify high-risk patients) 

Modality Design elements to achieve key function (e.g., behavioural, 
communication) 

Limits of intervention To specify those situations or thresholds where the DHI can be used, and 
beyond which the DHI should be replaced by face-to-face care 

Comparator Domain Non-DHI(s) or alternative DHI(s) with same function 
Model of Care Current model of care and/or clinical pathway, may be redesigned by DHI 
Alternative Digital Health 
Interventions DHI(s) with the same purpose (e.g., smart phone vs PC retinal screening) 

Usual Care Alternatives Usual treatment or care (e.g., compare with paper-based surveillance) 
Outcomes Domain Outcomes relevant to patients and other stakeholders 
Health Benefits Clinical and patient reported outcomes 
Improved Care Structure 
or Process 

Health care system improvements (e.g., access to care, adherence to 
guidelines, patient health literacy, self-management) 

Social/ Societal Benefits Humanistic, social, or societal effects (e.g., DHI could improve social 
support, or reduce stigma of a condition) 

Safety May reduce health related risks or improve patient safety 

Non-health Related Risks Non-health related risks including data privacy (e.g., unauthorized access 
and use of personal data) 

Efficacy, Convenience, 
and Economic Benefits DHIs could deliver the same outcome with greater efficiency, or less effort 

Timing Domain Timing and duration of treatment and follow-up 

Timeliness Timely delivery of services could improve outcomes (e.g., telestroke DHI 
to shorten time to thrombolysis could improve survival) 

Frequency and Duration 
of Intervention 

Increased DHI use may improve outcomes (e.g., increased use in cardiac 
rehabilitation associated with greater weight-loss) 

Setting Domain DHIs may increase access to or improve quality of health care. Potential 
benefits may vary by setting. 

Care Setting Settings where DHI may be useful include pre- and post-hospitalization, 
emergency care, primary and community care. 

Patient Location DHIs can bring care to the patient’s location (e.g., in-home hospital care 
during COVID-19, public kiosks providing access to nurses). 

Geographic Scope DHIs can improve access to health care (e.g., rural Alaska). Culture may 
limit use (e.g., telehealth differences in Brazil vs Canada). 
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Communication Domain DHIs may have different users with different roles. Function impacts 
frequency of interaction (e.g., post-surgical vs routine monitoring). 

User DHI users may vary (e.g., activity monitoring for patient lifestyle 
modification involving healthcare providers, or support groups). 

Message Unit of information collected and communicated by DHI (e.g., text, 
diagnostic image, or machine-readable data) impacts function. 

Interaction Pattern Differences in interactions (e.g., synchronous (real-time) or 
asynchronous) could impact outcomes in critical situations. 

User Experience Improving user experience may improve outcomes (e.g., when human 
factors were considered in digital interface design). 

Technology Domain Use of different technologies (i.e., communication channel, device, 
software, or system) may impact DHI performance. 

Channel/ Medium Channel selection may impact patient access and DHI effectiveness (e.g., 
DHIs that exclude patients without telephone access). 

Device DHIs involve devices or user interfaces that may vary in cost and 
accessibility (e.g., patient access to mobile phone vs PC) 

Software Algorithms (e.g., for machine learning) and software components (e.g., for 
security) used by DHIs may affect performance. 

System Compatibility with data standards (e.g., FHIR) and interoperability with 
larger healthcare systems may affect DHI potential. 

Data Management Considerations include data quality, timeliness, interoperability (e.g., with 
EHR), security, patient privacy, and legal requirements. 

Context domain Capture additional information that may influence the usability, access, or 
overall value of DHIs. 

Regulatory status The relevant regulatory category and authorization status for the DHI to 
identify appropriate comparators. (E.g., FDA approved or investigational) 

Medical / legal liability 
Specify if certain legal provisions influence the availability or effect of the  
. (e.g., can a medical expert give advice or only tests results can be 
communicated)  

Financing 
Specify if certain reimbursement or financing rules or pricing schemes 
influence the availability of functionality of the DHI. (e.g., in-app 
purchases, free from health service provider, subscription fee etc.) 

Source:[3] 

New results 

The PICOTS-ComTeC framework provides a structured 

guide for formulating precise DHT definitions and 

selecting comparator technologies. It can be applied 

across contexts including study reporting, clinical and 

financing decisions, evidence syntheses, and regulatory or 

reimbursement submissions. Main domains should 
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always be specified, while subcategories allow optional 

detail. [3]. 

Publication 4: Mapping Digital Health Frameworks to 
PICOTS-ComTeC  

Rationale 

Health organizations at national, regional, and 

international levels are facilitating the innovation and 

integration of DHTs into healthcare systems. Numerous 

guidelines address evidence generation, regulatory 

authorization, and HTA, yet no standardised approach 

exists for defining and reporting DHTs (Rouleau et al. 

2024; Fatehi, Samadbeik, and Kazemi 2020).  

Therefore, the DH-SIG aimed to map the DHT definition 

items of established DHT frameworks to PICOTS-

ComTeC to assess the degree of overlap, and the added 

value of PICOTS-ComTeC in creating a unified approach 

to define DHTs.   

Methods 

An interdisciplinary DH-SIG expert group selected 16 

established national and international frameworks through 

online consensus discussions. These included national 
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HTA frameworks from Australia, Belgium, Finland, 

France, Germany, and the UK, as well as frameworks for 

standardising DHT labelling, evidence generation, 

reporting, or functional categorisation. One framework 

addressed reporting of health economic evaluations. 

Reviewers were trained, piloted the extraction process, 

and worked independently in pairs to extract general 

information, categorise framework purpose, and map 

definition items against PICOTS-ComTeC. After pairwise 

consensus, a third reviewer consolidated the data. 

Reviewers distinguished items describing DHT 

definitions from those describing methodological 

approaches. If at least one subcategory within a domain 

was covered, the framework was considered to overlap 

with that PICOTS-ComTeC domain [4]. 

Results 

The 16 frameworks overlapped with 81% of the nine 

PICOTS-ComTeC domains (116/144). On average, a 

framework matched 7.3 domains. Across frameworks, 

only 48% (247/512) of PICOTS-ComTeC subcategories 

were covered. PICOTS-ComTeC items were unevenly 
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represented, with some frameworks offering greater 

granularity.  

Table 2. PICOTS-ComTec versus DHT frameworks 

  
  
  

  
# 

Domains 

Number of Subcategories by Domain 

P I C O T S Com Te C 

Sub-
category 

Total 
PICOTS-ComTeC  9 3 3 3 6 2 3 4 5 3 32 
Comparators   
WHO CDISAH 9 3 2 1 6 1 3 4 5 1 26 
CEN-ISO/TS 82304-2 7 2 1   2   1 2 3 2 13 
MARS 4 1 2         3 3   9 
TECH 4 2 0         1 2   5 
Australia DHA 7 3 2   2   1 1 2 1 12 
Belgium RIZIV  9 2 2 3 3 1 1 2 5 1 20 
Finland Digi-HTA 8 2 1 2 5   1 2 4 3 20 
France HAS  7 2 2   3 2 1 3 5   18 
Germany DiGA 9 2 3 2 6 1 1 3 4 3 25 
UK NICE 9 3 1 1 5 1 1 2 2 2 18 
CONSORT-EHEALTH 9 3 2 0 2 1 1 4 3 1 17 
Evidence DEFINED 6 2   1 3     3 2 1 12 
iCHECK - DH 8 2 2 1 3   1 2 2 2 15 
ISPOR CHEERS 7 2 0 1 2 1 2     2 10 
VF-DHT 5 1     3     3 4 1 12 
WHO mERA 8 2 1   1 1 1 2 5 2 15 
Total 116 34 21 12 46 9 15 37 51 22 247 
Mean 7.3 2.1 1.5 1.3 3.3 1.1 1.3 2.5 3.4 1.7 15.4 
Max. Possible 144 48 48 48 96 32 48 64 80 48 512 
% of Max. Possible 81% 71% 44% 25% 48% 28% 31% 58% 64% 46% 48% 
Subcategory values are zero if the framework includes the domain without subcategories. A match on any 
subcategory counts as the domain being present, even if not formally defined. Cells are blank if neither 
domain nor subcategory is matched. 

Source: [4] 

New Results 

Given its high overlap with established frameworks and 

broad coverage of relevant items, PICOTS-ComTeC can 
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serve as a common reference for defining DHTs across 

research, reporting, and HTA contexts [4].  

How COVID tracing apps balance between data 
privacy and public health interests? 

Publication 5: Recommendations regarding privacy 
protection and public health impact of contact tracing 
apps  

Rationale 

During the COVID-19 pandemic, most countries 

introduced contact tracing apps (CTA) to identify close 

contacts of infected individuals and prompt users to test 

and self-quarantine. While CTAs promised public health 

benefits, they also raised concerns about large-scale 

digital surveillance and civil rights violations (Amnesty 

International 2020). In response, the European Data 

Protection Board (EDPB) issued guidelines on 

anonymised mobility data for CTA developers (European 

Union 2020). We aimed to evaluate how existing CTAs 

balance between public health interests and compliance 

with data protection standards.  
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Methods 

We conducted a systematic review to identify CTAs. 

PubMed, IEEE Access, and the ACM Digital Library were 

searched between January 1 and August 31, 2020, for 

primary research papers on CTAs. Public health potential 

was assessed using a checklist based on the Ada Lovelace 

Institute report (Ada Lovelace Institute 2020). 

Compliance with data privacy standards was evaluated 

using a checklist compiled from the European 

Commission’s Privacy Code of Conduct for Mobile 

Health Apps (European Commission 2020), and EDPB 

guidelines (European Union 2020). CTAs were further 

characterised using developer and governmental websites 

and GitHub. Compliance with each criterion was scored 

+1, non-compliance -1, and missing information 0. Apps 

were ranked by overall score. Further methodological 

details are provided in [5]. 

Results 

We identified 21 CTAs. The COVIDsafe and SwissCovid 

apps scored highest (15), while Alipay Health scored 
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lowest (-3) in achieving balance between data privacy and 

public health interests.  

Table 2. Assessing the data privacy compliance and 

public health potential of contact tracing apps 
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DATA PRIVACY 
Voluntary basis 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1 -1 -1 15 
Consent of the user is required 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1 1 -1 17 
No mandatory measures 
imposed on user 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1 -1 17 

Period of data retention is 
minimised 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 -1 0 1 1 0 16 

Anonymisation 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 19 
Information about gathering 
children's data 1 1 1 1 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 7 

Information about data breach 
(prevention/planned activities) 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 3 

Minimisation of collected data 1 1 1 1 1 1 1 1 1 1 1 1 -1 0 -1 -1 -1 -1 -1 -1 -1 4 
Centralised approach only if data 
minimisation ensured 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 -1 0 0 -1 0 13 

Only Bluetooth with pseudo-
random identifiers 1 1 1 1 1 1 1 1 1 1 1 1 -1 0 1 -1 1 -1 -1 -1 0 9 

PUBLIC HEALTH INTERESTS 
Governmental accountability 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 19 
Information about efficiency 
threshold 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Definition of close contact 1 1 1 1 1 1 0 1 0 0 1 0 1 0 0 0 0 0 0 1 0 10 
Open source code 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 0 0 0 0 0 14 
Confirmation of positive results 
of COVID-19 by healthcare 
authorities only in a secure way 
(i.e. special one-time code) 

1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 0 1 0 0 0 0 13 

Health data shared to health 
authorities only if anonymised or 
aggregated 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 0 18 

TOTAL SCORE: 15 15 14 14 13 13 13 13 12 12 12 11 10 9 8 5 5 2 1 1 -3  

Source: [5] 
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New Results 

Neither contact tracing app has achieved maximum score 

on both data privacy and public health potential. 

COVIDSafe and SwissCovid provided the best balance 

between public health interests and compliance with data 

protection standards.  

Beyond the traditional HTA modules, what 
evidence is required by payers for funding 
decisions of DHTs?  

Publication 6: Paying for Digital Health Interventions – 
What Evidence is Needed? 

Rationale 

To inform public funding decisions, traditional health 

technologies (e.g., pharmaceuticals) undergo HTA 

assessment. “HTA is a multidisciplinary process that uses 

explicit methods to determine the value of a health 

technology at different points in its lifecycle. The purpose 

is to inform decision making in order to promote an 

equitable, efficient, and high-quality health system.” 

(O'Rourke, Oortwijn, and Schuller 2020) The European 

Network for HTA’s (EUnetHTA) Core Model comprises 

nine modules: current use, safety, clinical effectiveness, 
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patient and social aspects, economic, legal, ethical, 

organization and technical aspects (EUnetHTA 2021). For 

sustainable business models, DHT developers 

increasingly seek public funding. We aimed to explore 

what evidence payers require to inform reimbursement 

decisions of DHTs. 

Methods 

We conducted a systematic search in PubMed, HTA body 

websites, and grey literature using structured Google 

syntax. We sought payer evidence frameworks in 

countries offering public funding for DHTs. Data 

extraction followed the EUnetHTA core domains and 

DHT-specific domains such as usability, data security, 

interoperability and technical aspects / stability (Kolasa 

and Kozinski 2020). Further details are provided in [6].  

Results 

We identified six DHT payer frameworks. The Medical 

Services Advisory Committee (MSAC) framework in 

Australia (Kidholm et al. 2012), the Belgian National 

Health and Disability Insurance (RIZIV) framework 

(mHealthBelgium 2021), the National Institute for Health 
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and Care Excellence (NICE) Evidence Standards 

Framework (ESF) (The National Health Service (NHS) in 

England and Wales, the German Directory for 

Reimbursable Digital Health Applications (DiGA) 

(Federal Institute for Drugs and Medical Devices 

(BfArM; Germany) 2021), the evidence framework of the 

French National Authority for Health (HAS) (Haute 

Autorité de Santé (HAS; France) 2019), and the 

framework of the Finnish Coordination Centre for Health 

Technology Assessment (FinCCHTA) (Haverinen et al. 

2019).  

While the description of problem and choice of 

comparator, safety, clinical effectiveness, patient and 

social aspects and economic aspects were required by all 

frameworks, the evidence needs were rather heterogenous 

in the remaining domains. The German DiGA and 

Australian MSAC frameworks were the most 

comprehensive.  
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New results 

Payers’ evidence needs are diverse in the legal, ethical, 

and organisation EUNetHTA domains, and the DHT-

specific usability, data security, interoperability and  

technical aspects / stability domains. The fragmented HTA 

landscape may hinder the international growth of DHTs. 

Table 3. Evidence needs of payers for DHT funding 

 

 

Belgium 
RIZIV 

Australia 
MSAC 

England / 
Wales 
NICE 

Germany 
DiGA 

France 
HAS 

Finland 
FinCCHT

A 
EUNetHTA 
Core 
modules 

Health problem and comparator ü ü ü ü ü ü 
Safety ü ü ü ü ü ü 
Clinical effectiveness ü ü ü ü ü ü 
Patient and social aspects ü ü ü ü ü ü 
Economic aspects ü ü ü ü ü ü 
Legal aspects ü ü ü ü   
Ethical aspects ü ü ü ü   
Organisational aspects ü ü  ü  ü 

DHT 
specific 
modules 

Usability  ü  ü  ü 
Data security ü ü  ü  ü 
Interoperability ü ü  ü  ü 
Technical aspects / stability  ü  ü ü ü 

Source:[6] 

What do structured assessments reveal about the 
quality of clinical evidence and reporting of 
various DHTs?  

Publication 7: Digital Biomarker–Based Interventions: 
Systematic Review of Systematic Reviews 
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Rationale 

In evidence-based medicine, systematic reviews are 

traditionally placed at the top of the hierarchy, but modern 

perspectives emphasise that their value depends on both 

methodological quality and certainty of evidence (Murad 

et al. 2016). Literature on DHTs is expanding rapidly, with 

up to 15 000 publications annually (Péntek et al. 2024), 

raising questions about evidence quality. We aimed to 

assess the magnitude of effect in DBM-based 

interventions in the context of methodological quality and 

evidence certainty using a structured approach. 

Methods 

We systematically searched PubMed and Cochrane 

Library for systematic reviews of DBM-based 

interventions published in 2019–2020. Alongside 

extracting overall effect size, we evaluated 

methodological quality using A Measurement Tool to 

Assess Systematic Reviews 2 (AMSTAR-2) (Shea et al. 

2017) and evidence certainty using the Grading of 

Recommendations, Assessment, Development, and 

Evaluations (GRADE) approach (Guyatt et al. 2008). 
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AMSTAR-2 includes 16 items and classifies reviews into 

four quality categories. GRADE considers five 

downgrading domains (risk of bias, inconsistency, 

imprecision, publication bias, indirectness). Based on the 

number of downgrades, GRADE classifies evidence 

certainty as high (further studies are unlikely to change 

our confidence in the overall effect), moderate (further 

research may change our confidence in the estimate or the 

overall effect), low (further research is very likely to 

change the estimate) and critically low (the estimate is 

very uncertain). While GRADE ratings involve expert 

judgement, we used uniform evaluation criteria to ensure 

consistency. Details are provided in [7].  

Results 

From 375 records, 25 systematic reviews were identified, 

which compared the efficacy of DBM-based and non-

DBM-based interventions. Most DBMs monitored heart 

functions/rhythm or physical activity, for which outcomes 

and interventions by study were depicted in Figures 2 and 

3.  
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Cardiac-related DBMs showed significant positive effects 

with high certainty for outcomes such as use of a 

metronome in resuscitation, detection of arrhythmias, 

reduced stroke risk, and lower mortality or transplant risk 

in ICD patients. However, methodological quality of the 

reviews was often low or critically low. 

Figure 2. DBM interventions on cardiac function 

 

Source:[7] 



 
31 

Physical activity DBMs produced mixed results, with 

several negative outcomes. Yet, with moderate certainty 

in high-quality reviews, pedometers improved activity 

though not BMI. The methodological quality of reviews 

was low or critically low.  

Figure 3. DBM interventions for physical activity 

 

Source:[7] 
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New results 

Cardiac DBMs show positive effects on all-cause 

mortality, return of circulation, stroke incidence, and 

arrhythmia detection with high certainty of evidence, yet 

the methodological quality of reviews is mostly low or 

critically low. In contrast, high-quality systematic reviews 

provide only moderate-certainty evidence that activity 

trackers increase step count, while evidence for broader 

health outcomes such as weight loss, lower body mass 

index, or improved quality of life is mixed or absent. 

Regardless of the expectations of investors and healthcare 

managers, or the concerns of developers, health benefits 

of DHTs must be demonstrated to qualify for public 

funding.  

Publication 8: Reporting quality of machine-learning 
studies involving clinical populations with paediatric 
diabetes 

Rationale 

Studies using AI and machine learning (ML) in medicine 

are rapidly increasing, but concerns about their quality 

persist (Andaur Navarro et al. 2022; Coiera et al. 2018). 

Medical AI differs from simply running algorithms on 
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data: it aims to support clinical decisions and improve 

patient outcomes (Cabitza and Campagner 2021; Futoma 

et al. 2020). As such, results should be meaningful for 

both clinicians and computer scientists. Good reporting 

quality facilitates effective communication of research 

results between stakeholder groups, and hence, it 

contributes to the stabilisation of the meaning of an 

innovation towards its closure. Therefore, we aimed to 

systematically evaluate the reporting quality of primary 

ML/AI studies in paediatric diabetes, a clinical area 

rapidly adopting advanced technologies (Danne and 

Limbert 2020).  

Methods 

We conducted a systematic review of primary studies 

using ML/AI in a paediatric diabetes population, 

published in 2016-2020. An extended list general and 

specific AI / ML search terms was applied. Reporting 

quality was assessed via the Minimum Information About 

Clinical Artificial Intelligence Modelling (MI-CLAIM) 

checklist (Norgeot et al. 2020). MI-CLAIM features 17 

binary and 2 polytomous questions in five domains 
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following the ML workflow: study design, data and 

optimisation, model performance, model examination and 

reproducibility. Each study was evaluated by a pair 

comprising a medical and a computer science expert, pre-

trained through pilot sessions. Items were coded “yes” 

(sufficient detail), “unsure” (insufficient detail), or “no” 

(missing). Results were depicted graphically. Further 

details are in [8]. 

Results 

From 1043 records screened, we identified 28 eligible 

studies, out of which 21 could be evaluated by MI-

CLAIM. The studies were methodologically diverse. We 

found 61 unique ML techniques out of which 48 were 

mentioned in only one paper. The clinical problem and 

research questions were clearly stated in most studies, the 

adequate description of the training and test cohorts, 

performance evaluation statistics and model examination 

were the least often reported items. The reporting of 

evaluation metrics of mathematical and clinical model 

performance was especially vague. 
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New results 

While problems and research questions are clearly stated, 

the reporting quality of AI / ML studies in paediatric 

diabetes must improve so that results are unequivocal and 

their value to clinicians is communicated in a 

straightforward way. Key areas for improvement are the 

clinical characteristics of the cohorts, clinically 

meaningful performance metrics and model 

explainability.  

Figure 4. Reporting quality by MI-CLAIM items 
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How to select a reporting guideline for a medical 
AI study?  

Publications 9 & 10: A systematic review of reporting 
guidelines for medical AI studies 

Rationale 

The review of reporting quality in paediatric diabetes 

showed that, given diverse clinical designs and study 

settings, MI-CLAIM was not uniformly applicable to 

medical AI studies [8]. Therefore, we aimed to 

systematically review existing medical AI reporting 

guidelines and explore aspects guiding their selection. A 

rapid review [9] was followed by an in depth analysis 

[10], available as a preprint, and accepted for publication 

in Acta Polytechnica Hungarica. 

Methods 

We performed a rapid review by searching PubMed in 

May 2022. A detailed review extended to Web of Science 

(WoS) and Scopus in February 2023. We extracted target 

audience, clinical area, study design in focus, 

development process according to the EQUATOR 

Network Guidance for Developers of Health Research 

Reporting Guidelines (Moher et al. 2010), type of 
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guideline (i.e., checklist or narrative), and whether 

reporting items followed IMRAD (introduction, methods, 

results and discussion) or the machine learning workflow 

used in MI-CLAIM (Norgeot et al. 2020). To assess the 

impact of the included reporting guidelines, we recorded 

Google Scholar citations. We also counted the total 

number of reporting items. Details are provided in [9,10]  

Results 

The rapid review yielded 21 studies from 424 records, 

while we found 24 eligible guidelines from 821 records in 

the detailed review. The number of citations of the 

guidelines were minimal compared to the number of 

published AI studies. Altogether, 704 reporting items were 

extracted, showing no consensus on the structure or 

content of medical AI reporting. The most robust 

development process was for CONSORT-AI, though it 

applies only to randomised clinical trials.  
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Table 4. Summary of medical AI reporting checklists 
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Guideline 
develop-
ment 
process 

Development methods 
reported      ✓  ✓   ✓ ✓ ✓ ✓ ✓ ✓  ✓  ✓ ✓ ✓  ✓ 
Registered in EQUATOR 
website  ✓        ✓ ✓ ✓ ✓ ✓    ✓ ✓  ✓ ✓   
Literature review      ✓  ✓   ✓ ✓ ✓ ✓ ✓ ✓  ✓  ✓ ✓ ✓  ✓ 
Delphi survey           ✓ ✓ ✓ ✓      ✓ ✓    
Expert consensus meeting            ✓ ✓ ✓ ✓ ✓  ✓      ✓ 
Pilot testing            ✓ ✓ ✓ ✓      ✓   ✓ 
Funded      ✓  ✓    ✓ ✓ ✓ ✓ ✓ ✓  ✓ ✓   ✓  ✓ 
Update policy was stated            ✓ ✓         ✓   
Journal / Society 
endorsement ✓     ✓      ✓       ✓  ✓ ✓ ✓  

Target 
audience 

Authors, reviewers, editors ✓ ✓ ✓     ✓     ✓ ✓   ✓ ✓ ✓ ✓     ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
Clinicians and model users     ✓   ✓   ✓ ✓ ✓ ✓             ✓               
Application developers                               ✓   ✓   ✓         

Type Narrative ✓ ✓ ✓ ✓                                         
Checklist         ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Focus General - ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓                           
Study 
design 

Randomised 
clinical trial                       ✓                         
Clinical trial 
protocol                         ✓                       
Early stage 
clinical 
evaluation 

                          ✓                     

Systematic 
review                             ✓                   

Clinical 
area 

Clinical imaging                                 ✓   ✓     ✓   ✓ 
Dentistry                                         ✓       
Cardiovascular 
medicine   ✓     ✓                                 ✓     
Cardiovascular 
imaging                                           ✓     
Medical physics                                             ✓   
Mental health                                       ✓         
Dermatology                               ✓                 
Urology                                   ✓             
Neuroradiology                                 ✓               
Nuclear 
medicine ✓                                               
Ophthalmology     ✓                                           
Orthopaedics             ✓                                   

Structure IMRAD       ✓    ✓ ✓ ✓ ✓    ✓ ✓    ✓ ✓ 
Machine Learning Pipeline  ✓ ✓ ✓ ✓ ✓  ✓ ✓ ✓     ✓ ✓ ✓     ✓   
Other ✓                   ✓ ✓    
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New results 

The diversity of reporting items suggests that medical 

AI/ML is still in the phase of interpretive flexibility. 

Reporting should reflect the AI/ML process and the 

primary study design. We recommend that researchers 

should combine a well-developed general AI checklist 

with established design-specific checklists for optimal 

reporting.  

Summary of the new results 

In the lack of standardized DHT taxonomies, how can 

DHTs be uniquely defined? 

[1] Most PICO questions of DBM systematic reviews 

could be coded using WHO tools, but interventions on 

healthy populations were not classifiable. As prevention 

and risk reduction in healthy populations are key 

applications of DHTs, this gap in international medical 

taxonomies should be addressed to capture all use cases 

of DHTs. 

[2] Despite the proliferation of unique digital health-

related definitions over time, the concepts were 
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overlapping, and ambiguous about the functional domains 

of digital health. The DH-SIG recommended combining 

PICO (Population, Intervention, Comparator and 

Outcome) elements with specific secondary digital health 

terms (e.g., telesurgery, telerehabilitation). Relying on 

umbrella terms alone risks overly heterogenous evidence 

summaries of the studied interventions. 

[3] The PICOTS-ComTeC framework provides a 

structured guide for formulating precise DHT definitions 

and selecting comparator technologies. It can be applied 

across contexts including study reporting, clinical and 

financing decisions, evidence syntheses, and regulatory or 

reimbursement submissions. Main domains should 

always be specified, while subcategories allow optional 

detail. 

[4] Given its high overlap with established frameworks 

and broad coverage of relevant items, PICOTS-ComTeC 

can serve as a common reference for defining DHTs 

across research, reporting, and HTA contexts. 

How COVID tracing apps balance between data privacy 

and public health interests? 
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[5] Neither contact tracing app has achieved maximum 

score on both data privacy and public health potential. 

COVIDSafe and SwissCovid provided the best balance 

between public health interests and compliance with data 

protection standards. 

Beyond the traditional HTA modules, what evidence is 

required by payers for funding decisions of DHTs? 

[6] Payers’ evidence needs are diverse in the legal, ethical, 

and organisation EUNetHTA domains, and the DHT-

specific usability, data security, interoperability and  

technical aspects / stability domains. The fragmented HTA 

landscape may hinder the international growth of DHTs. 

What do structured assessments reveal about the quality 

of clinical evidence of various DHTs? 

[7] Cardiac DBMs show positive effects on all-cause 

mortality, return of circulation, stroke incidence, and 

arrhythmia detection with high certainty of evidence, yet 

the methodological quality of reviews is mostly low or 

critically low. In contrast, high-quality systematic reviews 

provide only moderate-certainty evidence that activity 
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trackers increase step count, while evidence for broader 

health outcomes such as weight loss, lower body mass 

index, or improved quality of life is mixed or absent. 

Regardless of the expectations of investors and healthcare 

managers, or the concerns of developers, health benefits 

of DHTs must be demonstrated to qualify for public 

funding. 

[8] While problems and research questions are clearly 

stated, the reporting quality of AI / ML studies in 

paediatric diabetes must improve so that results are 

unequivocal and their value to clinicians is communicated 

in a straightforward way. Key areas for improvement are 

the clinical characteristics of the cohorts, clinically 

meaningful performance metrics and model 

explainability. 

How to select a reporting guideline for a medical AI 

study? 

[9,10] The diversity of reporting items suggests that 

medical AI/ML is still in the phase of interpretive 

flexibility. Reporting should reflect the AI/ML process 

and the primary study design. We recommend that 
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researchers should combine a well-developed general AI 

checklist with established design-specific checklists for 

optimal reporting. 

Impacts of the results 

The research presented in this thesis booklet has 

contributed to the public discourse on the health 

technology assessment of digital health technologies. In 

doing so, it is expected to support social construction 

processes through which diverse meanings of digital 

health are negotiated, and structuration processes through 

which reporting standards and evidence frameworks both 

shape and are shaped by actors. Together, these 

contributions can facilitate the emergence of digital health 

innovations that are both socially valuable and 

economically viable. 

As of September 2025, the ten included publications were 

cited 174-times, out of which 145 were independent 

citations in MTMT. The number of Google Scholar 

citations is 276. 
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PICOTS-ComTeC has been available on the EQUATOR 

network, the leading international forum for medical 

reporting guidelines.  

https://www.equator-network.org/reporting-guidelines/the-picots-comtec-framework-

for-defining-digital-health-interventions-an-ispor-special-interest-group-report/ 

Through the PICOTS-ComTeC publications [2,3,4], the 

DH-SIG gained ISPOR’s approval to develop CHEERS-

DHI, a digital health-specific version of the established 

CHEERS reporting guideline for health economic 

evaluations.  

https://www.ispor.org/heor-resources/presentations-database/session-cti/ispor-

2025/advancing-the-definition-and-reporting-of-digital-health-interventions-from-

picots-comtec-to-cheers-dhi 

Based on PICOTS-ComTeC, ISPOR has developed an 

online course titled: “Planning Digital Health Apps With 

Evidence in Mind”. The course is intended educate 

globally digital health developers on structured reporting 

and evidence-based development. 

https://learning.ispor.org/topclass/expand.do?template=New_CourseHome&id=44941

6&activitytype=28&offeringId=448905&learningPage=TrainingHistory 

The research related to the development of PICOTS-

ComTeC [2,3,4] has been presented in symposia and as 

https://www.equator-network.org/reporting-guidelines/the-picots-comtec-framework-for-defining-digital-health-interventions-an-ispor-special-interest-group-report/
https://www.equator-network.org/reporting-guidelines/the-picots-comtec-framework-for-defining-digital-health-interventions-an-ispor-special-interest-group-report/
https://www.ispor.org/heor-resources/presentations-database/session-cti/ispor-2025/advancing-the-definition-and-reporting-of-digital-health-interventions-from-picots-comtec-to-cheers-dhi
https://www.ispor.org/heor-resources/presentations-database/session-cti/ispor-2025/advancing-the-definition-and-reporting-of-digital-health-interventions-from-picots-comtec-to-cheers-dhi
https://www.ispor.org/heor-resources/presentations-database/session-cti/ispor-2025/advancing-the-definition-and-reporting-of-digital-health-interventions-from-picots-comtec-to-cheers-dhi
https://learning.ispor.org/topclass/expand.do?template=New_CourseHome&id=449416&activitytype=28&offeringId=448905&learningPage=TrainingHistory
https://learning.ispor.org/topclass/expand.do?template=New_CourseHome&id=449416&activitytype=28&offeringId=448905&learningPage=TrainingHistory
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research abstracts in multiple international conferences 

and workshops, including ISPOR Midwest Chapter 

(February 2021), Virtual ISPOR 2021, HTAi 2021 Virtual 

Annual Meeting, Virtual ISPOR Europe 2021, ISPOR 

Europe 2023 (Copenhagen), ISPOR 2024 (Atlanta), 

ISPOR Europe 2024 (Barcelona), ISPOR 2025 

(Montreal), and the HPI-ZEW-DIW Workshop on Applied 

Economics in Digital Health (5-6 June, 2025, Mannheim)  

https://www.ispor.org/member-groups/special-interest-groups/digital-health 

The work on AI reporting guidelines [9,10], was presented 

on a Workshop on the Assessment of AI Health 

Technologies at the 2024 HTAi Annual Meeting (Seville) 

The experiences with DHT evidence syntheses were 

summarised in: Péntek M, et al. 10 Pragmatic Points to 

Consider When Performing a Systematic Literature 

Review of Clinical Evidence on Digital Medical Devices. 

Acta Polytechnica Hungarica, 2023, 20(8):281-303. 

  

https://www.ispor.org/member-groups/special-interest-groups/digital-health
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