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Abstract 

Digitalization has become relevant in the health sector since the development of the internet 

and smartphones. Accordingly, interest in digital healthcare technologies has been increasing. 

An area that still warrants further investigation is the use of digital technologies for disease 

prevention and health promotion at the population level. This has been associated with the term 

digital public health (DiPH). Prevention effectively mitigates the problem of potentially costly 

diseases; however, it is unclear whether there are specific points to consider in the evaluation 

of whether DiPH interventions are cost saving or, at least, cost effective. While health care 

significantly contributes to greenhouse gas emissions, it is unclear whether DiPH interventions 

are facilitating the reduction of or increase in greenhouse gases.  

Therefore, this thesis is guided by three research questions (RQs). RQ1 explores what should 

be considered in the economic evaluation of DiPH interventions. RQ2 reviews the health 

economic evidence on preventive DiPHs intervention using decision analytical modeling. RQ3 

explores the evidence of CO2 emissions resulting from digitalization in the public health sector. 

These three RQs are investigated within four modules (M).  

The first two modules address specific issues related to the health economic evaluation of DiPH 

in book chapters on evaluation (M1) and sustainable financing of DiPH (M2). The issues 

include the need to account for high technology dynamics, for the potentially low marginal cost 

of covering additional users, or for identifying new ways of including carbon footprint into 

economic analysis. Given the importance of modeling in the economic assessment of DiPH, 

M3 presents the results of a systematized review of health economic evaluations using decision 

analytic modelling of DiPH. It shows, for example, that the types of preventive DiPH 

interventions that are covered by economic evaluations as well as their results and 

methodological quality are very heterogeneous. A systematic review (M4) of the calculations 
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of virtual care (as one field of digitalization in healthcare) carbon footprints shows that digital 

technologies may sometimes help reduce carbon emissions. However, existing calculations lack 

methodological rigor.  

This thesis demonstrates that DiPH represent an important and partially specific area of health 

economic investigation. To exemplify how specific issues may be addressed, an exemplary 

economic evaluation of a preventive digital intervention is outlined which includes, for 

example, a DiPH-specific sensitivity analysis. Decision-makers should be able to add an 

environmental perspective to the established concepts of economic evaluation. Therefore, an 

extension of the CHEERS checklist to include carbon footprint into health economic evaluation 

is outlined, which needs to be further developed. Future research should consider this when 

designing economic evaluations of DiPH. 
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A. Synopsis 

After an introduction into the context of this thesis, chapter two provides an overview of its 

methods, chapter three summarizes its results and chapter four provides a critical discussion. 

Chapter five draws short conclusions on the economic evaluation of digital public health 

(DiPH) interventions.  

A.1. Introduction 

The limited resources of the public sector, including the public health sector, make it necessary 

to make critical decisions related to financial resources. Within the field of health economics, 

there are methods of economic evaluation that compare the costs and benefits of different 

interventions to promote the allocation of scarce resources to the most efficient ones. 

Technological advancements have led to innovations such as computers, the internet, and 

smartphones, which also marked the beginning of digitalization for the public sector. Various 

novel technologies have been introduced. In addition to improving the effectiveness of 

treatments for diseases that have already emerged, a DiPH intervention may facilitate the 

transition from prevention to cure (Odone et al. 2019). While telephones and messaging (for 

example, in doctors' surgeries) were also used in the past, various software and hardware 

technologies have emerged to further improve health interventions. Thus, the digitalization of 

the healthcare system may offer new opportunities for developing effective and cost-efficient 

health interventions. However, based on these technologies, a large number of new 

interventions have been developed, and the paradigm of evidence-based decision-making 

necessitates their investigation and validation. This also relates to their cost-effectiveness.  

In the following section, digital public health will be defined and examples will be provided. 

Subsequently, the basic economic evaluation methods will be introduced. Finally, the research 

questions of this thesis will be stated.   
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A.1.1. Digital public health 

There are various frameworks for defining DiPH according to public health functions or digital 

health functions.  

DiPH may be defined based on vertical essential public health functions, such as health 

protection, health promotion, disease prevention, health care, preparedness for public health, 

and emergencies (World Health Organization 2018). This encompasses the prevention and 

treatment of diseases. Another framework characterizes digital technologies by function. The 

National Institute for Health and Care Excellence evidence standards framework for digital 

health and care technologies describes 10 functions of digital health technologies: (1) system 

services with no measurable patient outcomes; (2-4) providing the platform for the collection 

of information on conditions or general lifestyle, maintenance of health diaries, and 

communication; and (5-10) facilitating healthy behavioral changes, self-management of 

specific conditions, treatment, and active monitoring (e.g. using wearables) and calculating the 

impact on the treatment and diagnoses of specified conditions (Unsworth et al. 2021). While 

this framework is somewhat more specific in terms of intervention, it covers both preventive 

health services and disease treatment. 

Wienert et al. (2022) combined the public health function framework (World Health 

Organization 2018), National Institute for Health and Care Excellence evidence standards 

framework for digital health and care technologies (Unsworth et al. 2021), and the user-centered 

approach (Wright 2021) to derive the definition that a DiPH "Intervention addresses at least 

one essential public health function through digital means. Applying a framework for functional 

classification and stratification categorizes its interaction level with the user. The 

developmental process of a digital public health intervention includes the user perspective by 
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applying participatory methods to support its effectiveness and implementation with the goal to 

achieve a population health impact." (Wienert et al. 2022). 

These definitions include treatment, especially in the context of the vertical essential public 

health functions within healthcare. The treatment of diseases that have already developed is 

important; however, the prevention of diseases is critical. The Department of Health and Social 

Care (2018) asserts that prevention is better than cure. This is also based on the assumption that 

public health interventions can help saving cost in the health sector (Masters et al. 2017). While 

it is undisputed that this does not mean that the focus should solely be on the evaluation of 

prevention, previous studies on digitalization in healthcare have reported on other concepts that 

focus on treatment of individuals, such as electronic health (Sanyal et al. 2018), mobile health 

(Ghani et al. 2020), or digital health (Jiang et al. 2019) interventions.   

The digitalization of public health may provide several benefits including empowering patients 

and people and help to be in the center; and facilitating more efficient, safer, and cheaper 

healthcare management (Odone et al. 2019). For the first potential benefit of facilitating the 

transition from cure to prevention, there are reasons to take a closer look at the evaluation of 

preventive digital health services.  

Therefore, this thesis will follow the definition of  Zeeb et al. (2020) that focuses on the 

population level and prevention as well as health promotion (Zeeb et al. 2020). 

A.1.2. Digital public health case studies  

In the past, technological interventions were predominantly focused on information and 

telecommunication; however, there are new technologies that can be used in healthcare. Old 

interventions were likely to be delivered via telephone. Before the introduction of smartphones, 

web- and internet-based applications were dominant. With the widespread use of smartphones, 

there are more possibilities for digital interventions. 
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DiPH interventions can vary widely. In Europe, examples include chatbots or dashboards that 

provide information about COVID-19; teleconsultations aimed at reducing the incidence of 

COVID-19; digital tools for interaction with the health system among health care providers or 

civitzens; software and web-based applications to promote mental health; or mobile 

applications to treat childhood obesity (Wong et al. 2022).  

If the focus is placed on preventive health interventions, the goals may include promoting 

physical activity or weight loss. For promoting physical activity, several interventions use 

smartphone apps (e.g., Silva et al. 2020), wearables (e.g., Ringeval et al. 2020), or both (e.g., 

Gal et al. 2018, Laranjo et al. 2021). While these reviews partly included randomized controlled 

trials (RCTs) that targeted patient groups and may be useful for the treatment of diseases, 

smartphone apps and activity trackers can also be used to help individuals lose weight. For 

example, Antoun et al. (2022) reviewed RCTs of interventions that used smartphone apps for 

weight loss in at least one arm. The included interventions were partly complemented by 

behavioral interventions, activity trackers, or apps alone. 

A.1.3. Economic Evaluation 

Given the limited resources in health systems, opportunity costs should be considered for any 

investment decision on public health interventions: funds used for the treatment of a given 

disease cannot be invested in other interventions. For an investment decision, the costs and 

health outcomes of different interventions should thus be compared. One method to do so is the 

umbrella term economic evaluation which includes various types of analyses.  

While cost analysis only investigates costs (assuming effects are equal), the other types of 

economic evaluation compare costs and consequences. All types of analysis assess and value 

costs in monetary units. Cost–effectiveness analysis (CEA) measures consequences as a single 

effect and valuates them in natural units; cost–utility analysis (CUA) can measure consequences 
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as single or multiple effects and valuate them in a generic outcome measure like quality-

adjusted health years (QALYs) or disability-adjusted life years (DALYs), measures that 

combine length and quality of life; and cost–benefit analysis (CBA) measures consequences as 

single or multiple effects but valuates them in monetary units (Drummond et al. 2015). It should 

be noted that different definitions exist. For example, Weinstein et al. (1996) used CEA as an 

umbrella term for CEA and CUA.  

As mentioned above, the forms of evaluation can be distinguished by their outcomes. For the 

CEA of a preventive DiPH, a single outcome may be case prevented, kg weight loss, or life 

years gained. CUA allows combining different outcomes effecting length and quality of life 

(e.g. increased quality of life due to alleviated obesity and lower mortality from diabetes and 

coronary heart disease following a digital weight loss intervention).  

Economic evaluations can be based on the results of a single trial or the synthesis of different 

sources of evidence through decision-analytical modeling. For economic evaluations, the 

advantages of decision modeling include the opportunity to synthesize all relevant evidence, 

consider all relevant comparators, use appropriate time horizons, and integrate probabilistic 

uncertainty analysis (Briggs et al. 2006). Therefore, economic evaluations using decision 

analytic modeling may be appropriate because: 

(1) rapid technological development may require other study designs rather than potentially 

time-consuming RCTs, and modeling allows the synthesis of different evidence in one 

modeling study.  

(2) depending on the setting, provisions for other digital interventions in the existing health 

systems are unclear. Model-based economic evaluation allows the inclusion of various 

digital and non-digital interventions as comparators.  

(3) preventive DiPH intervention might have present costs and long-term health benefits 

and cost savings that require long analytical time horizons, which are very expensive 
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for long-term and follow-up trials. Also, DiPH intervention can cause long-term costs 

when updates are necessary.  

(4) The opportunity to include uncertainty analyses is important because only effectiveness 

studies with small sample sizes may be available or assumptions may need to be made 

to include relevant comparators for which no evidence from RCTs is available. 

If a decision makers intend to include economic evidence in their decisions, their critical 

assessment and appraisal are necessary. This is also because the choice of the research question, 

perspective, or time horizon adopted may have an impact on the result of the economic 

evaluation. 

The EQUATOR Network provides guidelines for reporting health research that aims to improve 

the scientific publication’s clarity, completeness, and transparency (Simera et al. 2009). For the 

health sciences, there are standardized reporting guidelines for the considerations to be made 

for specific study types. The Consolidated Health Economic Evaluation Reporting Standards 

(CHEERS) 2022 consist of 28 items that address the title, introduction, methods, results, 

discussion, funding, and conflict of interests. Originally, these 24-item standards were 

published simultaneously in 10 journals in 2013 (Husereau et al. 2013). These standards have 

been recently updated and simultaneously published in 14 journals (e.g. Husereau et al. 2022).  

Apart from primary studies, decision-makers can also draw on evidence from systematic 

reviews (or other forms of review). In these reviews, it is equally important to assess 

methodological transparency. One standard which can be used for this purpose is the Preferred 

Reporting Items for Systematic Review and Meta-Analyses (PRISMA) (Page et al. 2021). This 

27-item checklist guides authors on what they should consider in rating the transparency of 

systematic reviews (Page et al. 2021). 
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A.1.4. Environmental evaluation 

With the aim of reducing greenhouse gas emissions (GHG), a further decision criterion could 

be to include the emission of greenhouse gases caused by an intervention. One method to do so 

is carbon footprint calculation.  

There are three main standards for carbon footprint calculation standards (Bathia 2011, PAS 

2050 2011, European Committee for Standardization 2018). The carbon footprint of a product 

can be defined as the “sum of GHG emissions […] expressed as CO2e equivalents and based 

on life cycle assessment.” (European Committee for Standardization 2018)  According to this 

definition, various greenhouse gases with different impacts will be measured in a unified value.  

Life cycle assessment (LCA) examines the environmental impacts of all phases of a product. 

This is to prevent environmental effects from being shifted to other life cycle stages and thus 

influencing the result (Bjørn et al. 2018). In the context of DiPH, a wearable could cause 

emissions during its production, use and recycling. While life cycle assessment can also 

examine other environmental effects, the carbon footprint is limited to the impact category of 

climate change (European Committee for Standardization 2018). 

Basically, life cycle assessment is a four-step process (Hauschild 2018): First, it starts with goal 

and scope definition. Second, information on physical flows (e.g., input of resources and output 

of emissions) is collected in inventory analysis. Third, the impact assessment translates the 

information of the life cycle inventory to impacts on the environment. Fourth, the interpretation 

of results.  

Another approach is to use environmental-extended input-output (EEIO) table, which describes 

“how much emissions or resources are used for each unit of production on a sector” (Mattila 

2018). Based on intervention costs and the EEIO, environmental impact can be calculated.  
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A.1.5. Objectives / Research Questions 

Sections A.1.1 and A.1.2. outlined the specific characteristics of DiPH and Section A.1.3 

highlighted the rationale and methods of economic evaluations. CHEERS provides a reference 

on the aspects that should be taken into account during economic evaluations and can influence 

the results. DiPH may have special features, such as long-term costs due to the need for frequent 

updates, rapid development, or long-term effects of preventive DiPH interventions. This leads 

to the first research question (RQ). 

RQ1: What should be considered in the economic evaluation of DiPH interventions? 

Based on the aforementioned considerations, there is the question of what has been considered 

in previous economic evaluations. As mentioned above, DiPH can support the transition from 

prevention to cure (Odone et al. 2019). Furthermore, Zeeb et al. (2020) stated that prevention 

and health promotion can be the focus of DiPH. Taking health economics into consideration, 

there is a need to compare interventions and the reasons for considering model-based economic 

evaluations. This leads to RQ2, with a focus on primary prevention and health promotion, as 

well as decision analytical modeling.  

RQ2: What is the health economic evidence for preventive DiPH intervention using 

decision analytical modeling? 

In addition to the limited financial resources for the public or health sectors, also the global 

capacity to absorb GHG is limited, while the health system contributes to GHG emissions. 

It can be assumed that DiPH help mitigate climate emissions when people can have access to 

interventions independent of location; However, DiPH interventions may require additional 

resources for their technological infrastructure. Therefore, a method for assessing DiPH 

interventions in terms of environmental factors is needed. One approach to addressing this is 

assessing CF. Given there are different standards for estimating CF, alongside with the evidence 
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assessment, a consolidated assessment standard needs to be developed. This raises the third 

research question  

RQ3: What is the evidence on CO2 emissions resulting from digitalization in the public 

health sector? 

Research questions 1–3 are addressed by four publications called Modules 1–4 (M1–4). The 

next chapter will describe the methods (A.2) and synthesis of results (A.3). Section A.4 

discusses the general findings, limitations, and implications. Regarding the implications for 

further research, the results for RQ1-3 will be used to draw implications for modeling a DiPH 

case study. Additionally, the results for RQ1 and RQ3 will be the basis for conceptualizing the 

integration of economic and environmental evaluations in the future. 
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A.2. Methods of this thesis 

Based on the context of cumulative doctoral theses, this thesis consists of four modules (Ms). 

In this chapter, the references for the modules are initially provided, followed by the detailed 

methods related to the research questions.  

• M1 Lange, O.; Boskamp, P.; Brannath, W.; De Santes, K.; Müllmann, S.; Rogowski, 

W.; Rothgang, H.: Evaluation of Digital Public Health Interventions. In: Pigeot, I.; 

Zeeb, H.; Schultz, T.; Schütz, B.; Maass, L. (Eds.): Digital Public Health - 

Interdisciplinary perspectives [Handbook planned with Springer Nature, Cham, 

Switzerland] [Status: Accepted] 

• M2: Lange, O., Rogowski, W.: EPHO8: Assuring sustainable organisational structures 

and financing in digital public health. In: Pigeot, I.; Zeeb, H.; Schultz, T.; Schütz, B.; 

Maass, L. (Eds.): Digital Public Health: Interdisciplinary perspectives [Handbook 

planned with Springer Nature, Cham, Switzerland] [Status: Open peer review 

completed, reviewer recommended acceptance] 

• M3: Lange, O.: Decision-analytic health economic evaluation of preventive digital 

public health interventions: A systematized review. Re-submission under review in: 

BMC Health Service Research [Earlier version available as preprint] 

• M4: Lange, O.; Plath, J.; Dziggel, T.; Karpa, D.; Keil, M.; Becker, T.; Rogowski, W.: 

A transparency checklist for carbon footprint calculations applied within a systematic 

review of virtual care interventions. International Journal of Environmental Research 

and Public Health 2022 (19): 12- 7474 

The order of M1-4 is not chronological but following the logics of the research questions. 

Accordingly, the methods for economic evaluation are examined more broadly (M1), followed 

by a more precise assessment of what should be considered in an economic evaluation (M2). 

There are reasons for conducting model-based economic evaluation of DiPH; however, the 
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current evidence based on this economic method is unknown. Therefore, the next step is to 

assess the evidence on model-based economic evaluations of DiPH interventions (M3). M2 also 

suggests that broader perspectives on DiPH should be considered; further work on this topic is 

prepared by assessing the environmental effects of carbon footprints within a systematic review 

with particular reference to methodological transparency (M4). 

The structure of the following sections is oriented at the framework of Grant et al. (2009), which 

compares various types of reviews. The purpose of this framework is to provide an overview 

of the common review types to prevent the misapplication of terms that have become more 

common with the expanded evidence-based practice (Grant et al. 2009). The various types of 

systematic reviews were distinguished using the SALSA framework for the domains of search, 

appraisal, synthesis, and analysis. This framework of Grant et al. (2009) was chosen because 

each module has a component dedicated to the assessment of the review types. In the subsequent 

section, the modules are discussed; their aims and classification and the SALSA framework 

(search, appraisal, synthesis & analysis) are discussed, where applicable.  

A.2.1. Methods of module 1 – Evaluation of DiPH 

M1 and M2 will be published as book chapters, entitled “Evaluation” and “Essential Public 

Health Operation 8: Assuring sustainable organizational structures and financing” respectively, 

in the book entitled “Digital Public Health – Interdisciplinary Perspectives”. 

The “Evaluation” chapter (which corresponds with M1) is divided into subsections entitled 

“Evaluation of effectiveness” and “Evaluation of cost–effectiveness.” While various authors 

were involved in the study, this part of the dissertation mainly constitutes the conception and 

development of the chapter and the sub-chapter "Cost–effectiveness." The subsequent section 

only describes the method for the sub-chapter "Cost–effectiveness." However, the sub-chapter 
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"Effectiveness" is also related to the results of this dissertation, as any economic evaluation 

requires evidence of effectiveness. 

The aim of M1 is to provide an overview of the current evidence and methods for evaluating 

cost–effectiveness. M1 can be classified as a literature review as it provides an “examination 

of recent or current literature” (Grant et al. 2009) and includes a narrative evidence synthesis. 

In particular, the existing studies in the field of DiPH were, on the one hand, retrieved from the 

M3 search (see A.2.3.) and, on the other hand, from another search strategy modified by adding 

terms related to CBA and return-on-investment (ROI) studies that was applied to PubMed in 

August 2022. The search was extended by reference tracking. However, there was no systematic 

critical appraisal of these studies. The synthesis and analyses were conducted using four cases. 

Using established concepts of economic evaluation, the cases of (1) individuals' private 

decisions, (2) coverage decisions in public health using CEA and CUA, (3) coverage decisions 

in public health using CBA, and (4) companies' investment decisions in occupational health 

were examined. Each of these cases was reported in terms of the appropriate method and 

illustrated by studies already conducted in the field of DiPH.  

A.2.2. Methods of module 2 – Sustainable financing of DiPH 

While M1 describes the different approaches to assessing the cost–effectiveness of DiPH, M2 

focuses on the reasons for conducting economic evaluations (especially CEA and CUA) of 

preventive DiPH interventions. Therefore, M2 systematically investigates what should be 

considered when conducting an economic evaluation of DiPH. This will be published as a 

chapter entitled “Essential Public Health Operation 8: Assuring sustainable organizational 

structures and financing,” in the book entitled “Digital Public Health – Interdisciplinary 

perspectives”. The title reflects the placement of this chapter in the context of other essential 
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public health operations. This chapter highlights that methods to increase efficiency is expected 

to promote sustainable financing.    

Based on the report by Grant et al. (2009), M2 can be subsumed under the term “critical 

review,” as it goes beyond mere description and seeks to identify the conceptual contributions.  

The research started with a collection of papers that provide guidance on how to economically 

evaluate digital healthcare and public health. The sources for these studies are diverse. The 

basis is the extensive search of the systematic reviews related to M3 (for search details, see Box 

1).  The titles and abstracts of the studies were screened, and all studies that addressed digital 

health and reported on methodological features of its evaluation were selected. In addition, 

further studies were added through search alerts, reference tracking, and manual searches.  

There was no formal quality assessment of the included studies. All study types were included. 

For synthesis, this module combines studies that provide guidelines for the (economic) 

evaluation of digital health services, as well as the economic evaluation of public health and 

prevention interventions. Also, established public health and prevention frameworks for 

economic evaluation (e.g. Haddix et al. 2002, Weatherly et al. 2009) were included. 

Considering that prevention is an important focus for DiPH, these concepts were combined with 

the specificities of digital health. 

Based on this collection of papers, information on specific aspects of the economic evaluation 

of DiPH were extracted, following the structure provided by the items of the CHEERS 

(Husereau et al. 2022). One example is the CHEERS item #8 perspective: If one of the studies 

stated what should be considered in selecting a perspective or what perspective should be 

selected, this information was extracted. For the selection of studies, the focus was on recent 

studies, since, for example, the investigation of telemedicine was already discussed at the turn 
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of the 2000s. However, digital interventions have changed a lot due to the internet and 

smartphones.  

Based on the extracted findings on digital health and public health guidance, the findings were 

synthesized narratively. The CHEERS items were used. For cases where there were no special 

features, the headings were combined. Furthermore, suggestions on how to include 

environmental perspectives in a health economic evaluation were discussed. 

A.2.3. Methods of module 3 – Health economic evidence of preventive DiPH 

The aim of M3, “Health economic evaluation of preventive digital public health interventions 

using decision-analytic modeling: a systematized review,” was to investigate RQ2 and perform 

an extensive search to collect data on the economic evaluation of existing DiPH interventions. 

While there are existing reviews of digital interventions that treat a disease or condition (e.g. 

Sanyal et al. 2018), the focus of this study was on primary prevention and health promotion.  

Following the classification framework of Grant et al. (2009), the method was a systematized 

search including a comprehensive search, quality assessment, tabular evidence synthesis, and 

addressing the limitations of methodology. 

To answer the question of what the health economic evidence of preventive DiPH intervention 

using decision analytical modeling is, it was necessary to develop a comprehensive search 

strategy (see Textbox 1). Economic evaluations could be included in the search based on titles, 

as CHEERS item #1 requires the title of an economic evaluation to state "economic evaluation" 

or the respective type of analysis (e.g. "cost–effectiveness") in the title. However, the question 

was how to identify preventive DiPH interventions. Since an exploratory search hardly yielded 

results for the term "digital public health,” the search was expanded to incorporate technologies. 

Therefore, the search strategy was modified to retrieve studies on all technologies (e.g. web-

based, smartphone) and combined with the term “economic evaluation.” However, this 
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included several interventions directed at people who already had a disease. These studies had 

to be sorted out during the screening process.  

("app"[Title/Abstract] OR "apps"[Title/Abstract] OR "smartphone"[Title/Abstract] OR 

"mobile phone"[Title/Abstract] OR "Smartwatch"[Title/Abstract] OR 

"cellphone"[Title/Abstract] OR "internet"[Title/Abstract] OR "online"[Title/Abstract] OR 

"website"[Title/Abstract] OR "web-based" OR "fitness tracker"[Title/Abstract] OR 

"fitnesstracker"[Title/Abstract] OR "acceleromet*"[Title/Abstract] OR "activity 

monitor"[Title/Abstract] OR "digital health"[Title/Abstract] OR "digital public 

health"[Title/Abstract] OR "digital intervention*"[Title/Abstract] OR 

uhealth[Title/Abstract] OR uhealth[ Title/Abstract] OR m-health[Title/Abstract] OR e-

health[Title/Abstract] OR ehealth[Title/Abstract] OR mhealth[Title/Abstract] OR "Mobile 

health"[Title/Abstract] OR telemedicine OR telehealth[Title/Abstract] OR 

Telecare[Title/Abstract]) AND ("cost-effectiveness"[title] OR "cost-benefit"[title] OR "cost-

utility"[title] OR "cost-minimization"[title] OR "cost-minimisation"[title] OR "cost-

consequences"[title] OR "cost-consequence"[title] OR "economic evaluation"[title]) 

Textbox 1: Search strategy M3 

The research question focused on decision modeling as this was expected to be of particular 

relevance for the economic evaluation of DiPHs. Finally, studies were selected if they used 

digital interventions, were within the field of primary prevention or health promotion, and 

conducted economic evaluations using decision analytical modeling. In addition, all studies that 

dealt with digital health and discussed their methodologies were selected from this search. 

These studies formed the basis of M2. Further trial-based economic evaluations were collected 

as examples for M1. After the initial search on 4th December 2020 and the COVID-19 

pandemic was potentially a driver for new digital applications, the search was updated during 

the publication process on June 1st, 2022. 

A critical assessment of methodological transparency was conducted using the established 

CHEERS (Husereau et al. 2013). Information on the interventions and methods used as well as 

the incremental costs were extracted. A detailed analysis of the incremental cost-effectiveness 

ratios (ICERs) was not possible due to the diversity of the interventions. Therefore, the 

quantitative results are presented in a tabular format only. 
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A.2.4. Methods of module 4 – Carbon footprint of virtual care 

M4 aimed to assess the current evidence on the CF of virtual care interventions and its 

transparency. Given that there were no standardized reporting guidelines for carbon footprint 

calculations in the healthcare sector, one was developed within the scope of this study.  

This study can be classified as a systematic review, as it involved a comprehensive double-

independent search, as well as a critical appraisal of applied methods and a discussion of the 

uncertainty of findings.  

(("carbon footprint"[MeSH Terms] OR ("carbon"[All Fields] AND "footprint"[All Fields]) 

OR "carbon footprint"[All Fields]) OR footprint[All Fields] OR (ecological[All Fields] AND 

footprint[All Fields]) OR ("greenhouse gases"[MeSH Terms] OR ("greenhouse"[All Fields] 

AND "gases"[All Fields]) OR "greenhouse gases"[All Fields] OR ("greenhouse"[All Fields] 

AND "gas"[All Fields]) OR "greenhouse gas"[All Fields]) OR "life cycle assessment"[All 

Fields] OR co2eq[All Fields] OR co2e[All Fields] OR (("carbon dioxide"[MeSH Terms] OR 

("carbon"[All Fields] AND "dioxide"[All Fields]) OR "carbon dioxide"[All Fields]) AND 

equivalent[All Fields]) OR (co2[All Fields] AND equivalent[All Fields]) OR co2-eq[All 

Fields] OR (("carbon"[MeSH Terms] OR "carbon"[All Fields]) AND emission[All Fields]) 

OR (("carbon"[MeSH Terms] OR "carbon"[All Fields]) AND reduction[All Fields])) AND 

(("telemedicine"[MeSH Terms] OR "telemedicine"[All Fields]) OR ("remote 

consultation"[MeSH Terms] OR ("remote"[All Fields] AND "consultation"[All Fields]) OR 

"remote consultation"[All Fields] OR "teleconsultation"[All Fields]) OR telecare[All Fields] 

OR telediagnosis[All Fields] OR ("telemedicine"[MeSH Terms] OR "telemedicine"[All 

Fields] OR "telehealth"[All Fields]) OR telemonitoring[All Fields] OR tele-medicine[All 

Fields] OR tele-consultation[All Fields] OR tele-care[All Fields] OR tele-diagnosis[All 

Fields] OR tele-health[All Fields] OR tele-monitoring[All Fields] OR (virtual[All Fields] 

AND care[All Fields]) OR "virtual clinic"[All Fields] OR (smart[All Fields] AND care[All 

Fields]) OR (("health"[MeSH Terms] OR "health"[All Fields]) AND app[All Fields]) OR 

(intelligent[All Fields] AND ("health"[MeSH Terms] OR "health"[All Fields])) OR 

"electronic health"[All Fields] OR ("Digit Health"[Journal] OR ("digital"[All Fields] AND 

"health"[All Fields]) OR "digital health"[All Fields]) OR ("videoconferencing"[MeSH 

Terms] OR "videoconferencing"[All Fields]) OR ("videoconferencing"[MeSH Terms] OR 

"videoconferencing"[All Fields] OR "videoconference"[All Fields]) OR ("remote 

consultation"[MeSH Terms] OR ("remote"[All Fields] AND "consultation"[All Fields]) OR 

"remote consultation"[All Fields])) 

Textbox 2: Search strategy of M4 (PubMed) 

A comprehensive search (see search term in Textbox 2) of PubMed, Web of Science, Scopus, 

CINAHL, and EconBiz was conducted in November 2019. Studies that provided information 

on the approach to GHG-emission-calculation, VC services, or primary studies in English or 
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German were included. To assess methodological transparency, a checklist based on the 

consolidation of three existing carbon footprint standards was developed. For the synthesis of 

the results, the developed checklist was also used for the extraction of the respective items if 

they were reported. The results of the studies were compared based on the saved carbon 

emission per patient or teleconsultation.   

  



27 

 

A.3. Synthesis of results 

The following sections present the research results synthesized per research question because 

some research questions are addressed by more than one module.  

A.3.2. Results of RQ1 – “What should be considered?”  

To answer the question “What should be considered in the economic evaluation of DiPH 

interventions?” M1 gives a broader insight and provides basic methods for (economic) 

evaluation and M2 provides specific recommendations on economic evaluation with a focus on 

CEA and CUA.  

Starting with the general question, what should be considered, there a various topics, which 

could be included in the evaluation of DiPH inerventions. Although this is not a part of the 

dissertation, a framework with co-authorship of the doctoral candidate (Pan et al. 2022) will be 

introduced to give an example for further aspects, which should be considered by evaluating 

DiPH interventions.  

The framework distinguishes between different dimensions alongside which DiPH can be 

evaluated. The purpose is to assist in the development, evaluation, policy making or research 

and it was developed within the work of the Leibniz ScienceCampus Digital Public Health (Pan 

et al. 2022). The framework mainly asks what can be evaluated, rather than how it should be 

evaluated. It is divided into the following different areas:  

• Health Conditions and Current Public Health Interventions Functionality of the Health 

Technologies  

• Software Properties  

• Human-Computer Interaction  

• Infrastructure and Organization  

• Implementation  

• Health-related Effects  
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• Social, Cultural and Gender Aspects  

• Cost and Economics  

• Legal and Regulatory  

• Ethics  

• Data Security and Data Protection  

• Sustainability 

The domain Cost and Economics can be seen as a starting point in answering the RQ. Asking 

what should be considered prior the economic assessment, the framework asks for relevant 

costs, effects, payers and the payers’ decision criteria. The framework also shows the possible 

usefulness of applying the methods for decision makers. It is divided in cost of a targeted 

disease, cost-effectiveness related to various endpoints and the cost of implementing DiPH 

intervention over time (budget impact analysis). 

Main findings M1 

The chapter is divided into two parts: First, it is discussed what the evidence is and what 

methods are available to evaluate effectiveness. Second, it is discussed what the evidence is and 

are appropriate methods to evaluate the cost-effectiveness of DiPH. The latter draws upon the 

preliminary considerations on relevant costs, payers and decision criteria as well as the point of 

the cost-effectiveness of various endpoints from the framework (Pan et al. 2022) and further 

elaborates on these considerations.  

The main findings from M1 are that the economic evaluation of DiPH should consider the 

extent to which the decision problem concerns the choice of perspective and associated 

endpoints. Four context of decision problems are stated and methodological considerations are 

proposed to evaluate cost-effectiveness.  

First, frequently, a private decision by individuals can be assumed. There, users have to decide 

whether or not to use the DiPH intervention. This can be relevant when choosing an app to 
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improve physical activity, as there is an ever-increasing number of apps freely available or 

offered to consumers on private markets and an individual selection process needs to be made. 

A second situation could be a coverage decision in the health sector if a DiPH intervention is 

funded by the national health system or health insurance. In this case, CEA and CUA can be an 

appropriate method, because they incorporate the respective perspective. This will be the focus 

of the main results of M2. A third case would be a situation in which more consequences than 

just those of the health system are to be included, for example, if an intervention promotes the 

behaviour of using bicycles instead of cars, so that not only health but also other policy aims 

like environmental ones are pursued. A fourth decision problem could arise for a company that 

wants to use a DiPH for workplace health promotion. In this case, the decision maker (manager) 

might be interested in the return on investment. M1 illustrates the importance of different 

evaluation perspectives for DiPH interventions (such as physical activity apps), which differ 

from public health topics like newborn or colon cancer screening conducted in a healthcare 

setting where a healthcare payer perspective is relevant. 

Main findings M2  

Since formal health economic evaluation is most likely to be conducted by health care payers, 

it is worth taking a look at methods that appear useful for coverage decisions. In the following, 

the focus will be on CEA and CUA, even if some statements also apply to other methods. 

Structured on CHEERS items, M3 gives guidance on how established economic evaluation 

methods should be used.  

Summarizing very briefly, the title and abstract should clearly state what the digital component 

of the intervention is, so that evidence compilation within systematic reviews can also search 

for the respective technologies. Study protocols (called health economic analysis plan) for trial 

and model-based economic evaluations can also help to discuss the question addressed in M1 - 

before conducting an experiment or collecting evidence from a model. Regarding study 
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population, M3 discusses that effectiveness across different groups is likely to differ. For 

example, while a smartphone app based weight loss intervention may be very effective for 

individuals with obesity, it is less effective in a general population – which is relevant because 

evidence may only be available for this single target populations.   

Regarding comparators, firstly, the intervention should be described in detail, reflecting 

particularities in terms of digital properties. This is because there are many smartphone apps 

and, in the example of a weight loss app, there will be differences in what content is delivered, 

how it is delivered and whether there are interfaces to other systems. Secondly, there are 

particularities with regard to the selection of comparators, which means that, ideally, all non-

digital interventions should also be used as comparators for digital interventions. However, of 

course, this may not always be feasible. A detailed uncertainty analysis can help here.  

With regard to the choice of perspective, this study suggests to broaden the perspective, as 

DiPH is more likely to be intersectoral than other interventions, and to generate more than just 

health outcomes. Here, in addition, a perspective is proposed that also accounts for 

environmental scarcities that includes the calculation of carbon emissions. Preventive 

interventions have current costs and future benefits (Haddix et al. 2002). This also concerns 

preventive DiPH interventions, which, for example, reduces the risk of developing diabetes 

over a long period of time. However, digital intervention may have special costs for updates to 

remain in function.  

As far as the measurement and evaluation of outcomes is concerned, rapid technological 

development may make it necessary to use alternative study designs instead of time-consuming 

RCTs. Economic evaluation using decision-analytic modelling would offer the possibility to 

synthesise such different forms of evidence. 
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The question of costs can be important in the economic evaluation of DiPH, as there are specific 

costs related to both the content of the intervention and the technological delivery. On the other 

hand, costs arise during the development of an intervention as well as during and after it (see 

Figure 1 for an overview). In addition, costs may be incurred for special aspects of digital health 

services, such as data security (see also: Agarwal et al. 2016)). 

  

Interventions’ content 

 

 

• Evidence assessment regarding the target 

condition (causes, treatments) 

• Evidence assessment regarding interventions 

suitable for digitalization (e.g. by means of 

individualized content or behavior change 

techniques) 

• Research about user preferences 

• Costs of developing content (McNamee et al. 

2016) 

  

• Staff time to deliver the intervention 

(Jankovic et al. 2020) 

• Human input / staff time for user involve-

ment (Gomes et al. 2022) 

• Updates for look, feel, navigation and re-

wards for use (Gomes et al. 2022) 

• Modifying features of the content as far as 

warranted given new evidence (Gomes et 

al. 2022) 

 

      

 Pre-intervention   During & post-intervention  

 • Equipment costs (Jankovic et al. 2020) 

• Capital costs (Jankovic et al. 2020) 

• Patient recruitment or technology dissemina-

tion (Jankovic et al. 2020)  

• Infrastructure costs to adopt programs(Crow-

ley et al. 2018) 

• Costs of developing and implementing de-

sign (navigation menues, graphical elements) 

(McNamee et al. 2016) 

• Costs of developing and testing software and 

user experience (McNamee et al. 2016) 

  • Costs of infrastructure to sustain DiPH in-

terventions over time (Crowley et al. 2018) 

• Website maintenance and hosting (Jankovic 

et al. 2020) 

• Software updates to ensure sustained com-

patibility with users’ operating systems or 

web browsers (Gomes et al. 2022) 

• Updates of features promised to be up-to-

date (e.g., information, content, navigation 

menues, graphical elements) (Gomes et al. 

2022) 

 

 Interventions’ delivery (technology & infrastructure)  

 

 

Figure 1: Potentially relevant costs specific for DiPH interventions (taken from M2) 

Having already suggested in this thesis’ introduction that model-based economic evaluation is 

of particular relevance for DiPH, M3 also notes that there are further reasons for using model-

based economic evaluation for (preventive) DiPH. First, the possibility to model long-term 

effects; second, the possibility to synthesize different sources of data; and third, the 

consideration of technological dynamics through scenario analysis and the uncertainty of the 

results.  
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Zeeb et al. (2020) stated that topics of DiPH also include health inequalities in addition to a 

population perspective and a focus on prevention and health promotion. This is in line with 

CHEERS 2020 item "distributional effects". M3 notes that digital infrastructure can be 

unevenly distributed across populations which should be taken into account in economic 

evaluation.  

A.3.1. Results of RQ2 – “What is the health economic evidence?” 

RQ2 explores the health economic evidence of preventive DiPHs for economic evaluations that 

use decision-analytic modeling. To answer the research question, M3 identifies existing model-

based economic evaluations and assesses how these studies were designed.  

The systematized review, M3, included fourteen economic evaluations using decision analytic 

modeling (for references see M3). Regarding the question of existing economic evaluations of 

DiPH, interventions mainly targeting physical activity, weight loss, and smoking cessation were 

identified. Further targets were general behavioral changes in a group of students or menstrual 

health management. The intervention types included web-based applications, smartphone app-

based interventions, text messaging-based interventions, or e-learning devices. Moreover, 

besides the evaluation of stand-alone interventions, interventions exist that promote a variety 

of existing smartphone apps; for example, Cleghorn et al. modeled an on–off campaign to 

promote existing weight loss apps (under NZ$ 4 per download).  Figure 2 summarizes the 

intervention’s characteristics.  
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Figure 2: Intervention’s characteristics (taken from M3) 

 

The economic evaluations were mainly CUA; three studies conducted an additional CEA. Half 

of the included studies used Markov models, while four used multistate life table models, two 

used discrete event simulations, and one used a microsimulation model. Ten studies chose 

lifetime horizons.  Figure 3 depict the evaluation methods details. 

 

Figure 3: Evaluation methods (taken from M3) 

Among all studies that used QALYs as a generic health measure, a mean value of € 21.430 per 

QALY can be calculated. However, the interventions are very different, which is why this mean 

value is only meaningful to a limited extent. The individual incremental cost-effectiveness 
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ratios, which describe the cost per health outcome (in this case cost per QALY), can be found 

in Table X.  

 

Table 1: Results of the economic evaluations (Taken from M3) 

In addition to the evidence on economic evaluations using decision analytical modelling, parts 

of these dissertations also contain examples of evidence from trial-based economic evaluations 

in M1. However, these are not relevant to answering the research question. 

A.3.3. Results of RQ3 – “What is the evidence on the carbon footprint?” 

Answering the research question “What is the evidence on CO2 emissions resulting from 

digitalization in the public health sector?” is based on M4. One outcome of M4 is a reporting 

guideline for carbon footprint calculations. The checklist was consolidated from three existing 

standards and resulted in 22 items. This checklist was used to extract information from the 

studies and assess their methodological transparency. The original search and update yielded a 

total of 23 included studies. Most of the studies were in primary, secondary or tertiary care with 

different virtual care, virtual clinic or telemedicine interventions.  

Regarding the context of DiPH of this doctoral thesis, two studies are of particular interest. One 

study is the environmental footprint of electronic health records (Turley et al. 2011). Another 

study is briefly presented below as it falls within preventive DiPH. Smith et al. (2013) estimated 
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the carbon footprint of a smoking cessation intervention delivered by text message support, 

telephone counselling and individual counselling. Travel, building, energy and technological 

emissions were taken into account in their calculation. As a result, a group of 1,000 participants 

emitted 8,143 kg CO2e for text-message support, 8,619 kg CO2e for telephone counselling and 

16,114 kg CO2 for group counselling.  

The examination of the studies included a quality check based on the developed checklist. 

Figure 4 shows that some items were rarely reported. These include, for example, the definition 

of system boundaries and the conduct of sensitivity analyses. On average, 31% of the items 

were reported. No consistent average value could be calculated for all studies because different 

results were obtained (CO2e or CO2 per patient or consultation). 

 

Figure 4: Summary of the results of the carbon footprint analyses (taken from M4) 
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A.4. Discussion 

A.4.1. Interpretation 

DiPH is a new field where model-based economic evaluation offers advantages for modelling 

long-term effects, especially in preventive DiPH interventions. However, investigated 

interventions based on relatively old technologies (e.g., web-based) for which it is unclear 

whether the effectiveness is lower than for more recent interventions. Further potential specifics 

of economic evaluation have not been widely implemented in the identified evaluations. One 

example is that only two of the 14 identified economic evaluations have a broader perspective 

than just a healthcare payer perspective.  

A.4.2. Limitations 

There are several limitations of this doctoral thesis.  

M1 and M2 were based on all study types and had no systematic critical appraisal of the 

evidence. Nevertheless, the methods were chosen to provide an overview of current 

considerations in the health economic evaluation of digital public health. DiPH is rapidly 

changing due to technological innovations, so empirical evidence, including the newest 

technologies, is scarce. Therefore, all types of studies were used to gain a comprehensive 

overview. However, this has the advantage that these identified potential specifics of DiPH can 

influence a study design of a best-practice economic evaluation.  

M3 was a systematic review and thus lacked the double-independent extraction of content and 

quality review that would have been mandatory in a systematic review. However, the title and 

abstract were screened in a double-independent process. The choice of single extraction was 

also because the author of this paper was intended for sole authorship because it is required to 

be the sole author of at least one module. M3 was also limited to primary prevention, so it is 
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possible that there are other model-based economic evaluations in other areas of prevention. 

However, the focus of the study was to identify interventions that are not typically eHealth 

interventions aimed at treating individual diseases. It was limited to primary prevention in order 

to have a homogeneous study group and because other forms of prevention also include 

treatment, or at least there can be difficulties in distinguishing between them. Furthermore, only 

model-based economic evaluations were included, and other types of studies (e.g. trial-based) 

were omitted. However, this focus was also justified by the future research project to conduct 

a model-based economic evaluation. 

M4 was restricted to carbon footprint, although other environmental effects could be 

investigated by using LCA methodology. However, against the background of climate change, 

this seemed relevant. Furthermore, mainly telemedicine applications are included in the review. 

This is due to an exploratory search, where the field of telemedicine was much studied, but in 

our understanding of DiPH (which is not only the treatment of individuals), there was a lack of 

evidence. At least one exemplary calculation of environmental effects for DiPH was identified. 

In view of the growing evidence in the meantime, a focus on preventive DiPH might be 

appropriate for future research.  

However, as the most important limitation of this dissertation, it could be considered that there 

is no empirical module. The empirical module that might fit this thesis is a best-practice cost-

utility analysis based on the findings of M1 and M2. Unfortunately, this empirical study was 

delayed up to a time right after finishing this thesis for several reasons. First, the original 

research plans had to be modified to include the book chapters in M1 and M2 and the systematic 

review in M4. Second, to ensure that the selected case study appropriately represents the 

challenges identified within the campus, results from other sub-projects had to be awaited. 

Third, now, based on M1 and M2 we have more knowledge about DiPH-specific evaluation 

needs and can explore this. 
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Nevertheless, as implications of this study, at least preliminary work on the cost-effectiveness 

analysis can be presented. The work was also prepared and submitted as an abstract for the 

annual conference of the German health economics association (Deutsche Gesellschaft für 

Gesundheitsökonomie e.V.). The submitted abstract can be found in Appendix 2. Further details 

are reported in the implications section. 

 

A.4.3. Implications 

The results of the individual modules have direct implications for further research, both at the 

methodological and the applied level, as well as for decision-making on DiPH.  

M1 implies that there is a need to explore other methods for evaluating effectiveness which 

may also change the way how cost-effectiveness of DiPH can best be assessed. Also, economic 

evaluations of DiPH need to account to a larger extent for different perspectives than 

evaluations of other interventions.  

M2 results in implications for direct methodological recommendations, especially in evaluating 

the cost-effectiveness of preventive DiPH interventions, particularly with regard to the potential 

use of model-based economic evaluation. The synthesis of health and other outcomes in model-

based economic evaluation through the use of broader perspectives also implies the requirement 

for the generation of new evidence, e.g. productivity savings from the use of DiPH 

interventions, or evidence on external costs associated with DiPH interventions.  

Implications of M3 include that the existing evidence not necessarily meets the requirements 

set by DiPH. Also model-based analyses are subject to various limitations. There is thus a need 

for further evidence generation in this field. 
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M4 provides a new benchmark of how to report the methodology of CF analyses in a more 

transparent way. This may be a first step towards including CF into the transparency catalogues 

of the EQUATOR network like the PRISMA statement or the CHEERS. Higher methodological 

rigor is needed, as the evidence found was mainly based on saved driving distance in 

telemedicine applications. Future carbon footprint calculations should address whole 

interventions and compare them with each other. Rather than just assessing saved emissions 

from avoided vehicle travel, all carbon emissions and savings ought to be included into the 

analyses. In the example of telemedicine, this includes, for example, additional emissions 

caused by manufacturing new IT systems.  

Based on this, two concrete implications arise in the form of new research projects. Firstly, a 

study design for a best-practice economic evaluation of a DiPH intervention. And, secondly, 

the elaboration of how economic evaluation and carbon footprint calculations can be linked: 

A.4.3.1 Economic Evaluation of DiPH case study  

Based on the outcomes for RQ1 and RQ2, it has been shown that the relevant considerations 

for the economic evaluation of DiPHs are not always taken into account. This leads to the need 

for further research into the best practices for economic evaluations of a DiPH intervention. 

Following the consideration of RQ1, the following section outlines how models can be designed 

based on this dissertation. As mentioned in M2, the CHEERS statement requires a health 

economic analysis plan. To discuss the selection of evaluation method, time horizon and other 

components of an economic evaluation, this health economic analyses plan (study protocol) 

outlines a follow-up research project where an economic evaluation of digital weight loss 

interventions will be conducted. The following paragraph provides a summary of the research 

project based on an abstract submitted to the DGGÖ on November 20th, 2022 (see A.7. 

Appendix):   
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While the question is framed by the consideration of primary prevention, and the impact of new 

technologies such as wearables, the question is whether adding components improves or 

worsens the cost-effectiveness of an intervention. To model the long-term health consequences, 

we will use the population health model DYNAMO-HIA (Lhachimi et al. 2012), which was 

applied for various interventions, for example, tax on processed meat (Schönbach et al. 2019). 

We will model how the long-term prevalence of the chronic diseases heart disease, diabetes and 

stroke changes if an intervention lowers individuals' body mass index. Health endpoints are 

transferred to quality-adjusted life years according to the German value set for EQ-5D-5L to 

obtain a generic health measure (Ludwig et al. 2018). Evidence regarding the effectiveness of 

comparators with different digital components will be taken from the literature, such as the 

meta-analysis by Antoun et al. (2022). Accordingly, in the specific example of the identified 

meta-analysis (Antoun et al. 2022) the comparator is no intervention compared to (i) a 

smartphone app, (ii) app and tracking device; (iii) app and behavioural intervention; (iv) app 

and tracking device and (v) app, behavioural and social support. 

Given that the evaluated intervention is digital, there are more DiPH specifics that are accounted 

for in the economic evaluation methods. First, we adopt a societal perspective and use a lifetime 

perspective, which is appropriate in the context of the preventive DiPH intervention. Second, a 

specific uncertainty analysis is planned that calculates, for example, how many participants are 

necessary for an intervention until the ICER of an intervention exceeds certain established 

thresholds since high fixed costs are distributed over many people. Third, in a follow-up project, 

we plan also to evaluate environmental effects. This should include, on the one hand, a cost-

based assessment of environmental impacts of the intervention using EEIO-LCA-derived 

emission factors. On the other hand, a process-based LCA is planned to determine the 

environmental effects of the digital device used as the most important product within the 

intervention. 
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A.4.3.2 Integration of carbon footprint analysis in economic evaluation  

Based on RQ1/M2, an implication for further research is the adoption of a broader perspective 

to address not only health outcomes but also other outcomes. An example given is a planetary 

perspective, which is justified as it can be assumed that in a time when global warming is to be 

limited, such outcomes are also relevant for decision-makers. Furthermore, it can be assumed 

that there are additional emissions that arise as a result of digital technologies, for example 

when new servers are manufactured, operated and disposed. One way to extend the cost 

perspective to a planetary one is to add a carbon footprint calculation. This method was 

introduced with M4, the evidence was compiled and a checklist for assessing the 

methodological transparency was provided.   

Since both economic evaluation and carbon footprint methodology can be relevant for decision-

making and assess an intervention, the question arises how carbon footprint can be considered 

in economic evaluation. Assuming that the economic evaluation is recognised as evidence by 

decision-makers, it can be considered to what extent calculation bases for carbon footprint 

calculations have already been collected in the economic evaluation.  

As mentioned above, CHEERS are an established reporting standard and provide guidance for 

relevant components in economic evaluation. The checklist developed in M4 is an equivalent 

for carbon footprint calculations. For a future research project, one aim could be to combine 

these two reporting standards. For this, firstly, it should be identified which variables are shared 

by both methodological frameworks and only need to be recognised through different 

terminology; and secondly, it needs to be determined which information should be additionally 

reported / collected.  

An example of the same basis for calculation is the reference flow as one important element in 

CF analyses, which is defined as a “measure of the inputs to or outputs from processes in a 
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given product system required to fulfil the function expressed by the functional unit” (European 

Committee for Standardization 2018). This corresponds with the description of the intervention 

/ comparator in the economic evaluation (e.g. "A person is provided with a fitness tracker with 

a corresponding app for three months within intervention X"). 

As M2 elaborated, there also seems to be overlap in the use of resources. Traditionally, cost 

analysis consists of three steps of cost identification, measurement in physical units and 

valuation. Here, it appears quite natural to include a planetary perspective in terms of carbon 

emissions. This can be assessed on the basis of cost-based emission factors (in the case of EEIO-

LCA) or of emission estimates associated directly with the physical amount of resources (in the 

case of process-based LCA). Further work on such a framework is necessary which could be 

based on several consensus rounds of experts both of health economics and of LCA. 

A.5. Conclusions 

While economic evaluation can draw upon established standard methods, the decision-making 

context of DiPH interventions may require a broader perspective. One such perspective can be 

the evaluation of planetary sustainability in the light of the overall goal to reduce greenhouse 

gases. 

This dissertation has demonstrated that there are (preventive) DiPH interventions whose 

incremental cost-effectiveness rate is below recognised thresholds, even though heterogeneity 

makes comparison difficult. In terms of planetary sustainability, there are digital interventions 

that have the potential to reduce GHG, although they are often methodologically limited. 

Further research is needed to ensure that future developments in DiPH make use of this potential 

and lead to cost-effective or even cost-saving public health interventions which additionally 

provide benefits to the ecosystems on which the health of humanity depends. 
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A.7. Appendix of synopsis  

A.7.1. Appendix 1: Abstract - Economic evaluation of case study 

Abstract submitted to the annual conference 2023 of Deutsche Gesellschaft für 

Gesundheitsökonomie e.V. 

The cost-effectiveness of digital public health weight loss interventions 

delivered by a smartphone app and wearable in Germany - a study protocol 

Author: Oliver Lange, Wolf Rogowski and Stefan K. Lhachimi 

Background 

Digital Public Health (DiPH) using new technologies such as smartphones or wearables to track 

physical activity provides novel options for prevention and has experienced increasing interest 

recently. DiPH might help to support the transmission from prevention to cure, for example by 

reducing obesity, thereby lowering the risk of developing heart disease, stroke and diabetes. It 

is unclear whether such an intervention has a higher incremental cost-effectiveness ratio (ICER) 

due to the addition of digital components (smartphone app or wearable) or a lower one, due to 

their positive impact on effectiveness. 

Objective 

Following the recent inclusion of health economic analysis plans into CHEERS, we present a 

study protocol for a model assessing costs and health impacts of different combinations of 

digital and conventional weight loss interventions in the setting of the German health system.   

Methods 

Cost-effectiveness is estimated from a societal perspective within the general population in 

Germany over a lifetime horizon. The base case is a control group of no intervention compared 
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to different combinations of smartphone app, tracking device and behavioural intervention. 

Cost (€) and outcomes will be discounted by 5 % using different discount rates including 

differential discounting in the sensitivity analysis. We apply the population health model 

DYNAMO-HIA to project the long-term prevalence of heart disease, stroke and diabetes and 

overall mortality for the general population. The effect estimates for each strategy will be based 

on the associated weight loss identified through a literature search. The incidence-prevalence-

mortality profile will be based on publicly available health data. Health endpoints will be 

transferred to quality-adjusted life years, using the German value set for the EQ-5D-5L. 

Specific issues in the economic evaluation of DiPH interventions will be addressed in 

sensitivity analyses – for example, given high fixed costs and very low marginal costs of 

including additional users of weight loss apps, a scenario analysis of how many participants 

would be needed to render the app-alone strategy cost-effective at standard thresholds and cost 

saving. Also, given short technology life cycles and limited evidence about the long-term 

effectiveness, the impact of changing the duration of effectiveness on cost-effectiveness will be 

explored. 

Expected results 

The intervention potentially decreases the incidence of heart disease, stroke and diabetes. 

However, app-based DiPH might be cost-effective only for large numbers of users. 

Expected discussion 

The literature-based effect estimates might be based on (already) dated technologies and thus 

under-estimate effectiveness. 
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B.1.1. Abstract 

Evaluation of digital public health (DiPH) interventions is as necessary as the evaluation of any 

other medical or public health intervention. This chapter addresses the two most important 

dimensions of evaluation: effectiveness and cost-effectiveness. In doing so, we ask (i) what is 

already known about the (cost-)effectiveness of DiPH interventions and (ii) what should be 

considered if such interventions are undertaken.  

Although the body of literature is growing rapidly, hard evidence is scarce, and the quality of 

existing evidence is poor. Effectiveness has only been proven in short-term observations when 

compared to no intervention and with outcomes measured using digital devices. For assessing 

Cost-effectiveness, it is important to distinguish between the different perspectives that may be 

relevant. Generally, studies give a wide range of results. Studies estimating return on investment 

from a company perspective estimate positive returns in studies with a low level of evidence, 

while randomized controlled trials (RCTs) show negative returns.  

To guide further research, a framework was developed that might help in asking the right 

questions. Answering these questions needs a combination of well-established evaluation 

methods, which provide reliable evidence but might take too long, with alternative methods that 

generate evidence faster and might be used to screen where in-depth studies should be taken. 

In the future, the need to include planetary health in (economic) evaluation might be ever more 

acknowledged. 

 

Keywords: cost-effectiveness, environmental impact, evaluation, effectiveness, digital public 

health   
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B.1.2. Introduction  

The central concern of public health is to improve the benefits and efficiency of health-related 

interventions and to reduce health inequities while respecting the self-determination of 

individuals  (1). Within the world of evidence-based medicine, this implies that interventions 

to improve health should only be conducted if the net benefit for users is proven. This requires 

a thorough evaluation of all new techniques and devices – also in the realm of Digital Public 

Health (DiPH). DiPH interventions, however, show features that might require an adaption of 

traditional evaluation frameworks. In this chapter, we, therefore, first explore what DiPH 

interventions are and which requirements for evaluation follow from that (section 3). We then 

discuss the effectiveness and efficiency of DiPH interventions (section 4). These discussions 

are centred around two questions: (i) what is the current evidence about the effectiveness, 

efficiency, and environmental impacts of DiPH interventions and (ii) what are eligible methods 

to evaluate effectiveness, efficiency, and environmental impact of DiPH interventions? We 

conclude with some take-home messages on what is vital for conducting appropriate 

evaluations of DiPH interventions (section 5). 

Digital Public Health interventions 

While medicine focuses on individual-level health, public health always relates to the health of 

a population. Public health "comprises the entirety of all social, political and organizational 

efforts aimed at improving the health situation, reducing the likelihood of illness and death and 

increasing the life expectancy of groups [of individuals] or entire populations. Public health 

includes all organized, multidisciplinary and multi-professional approaches in disease 

prevention, health promotion, disease control, disease management, rehabilitation and care [and 

therefore includes all three levels of prevention.]" (see: https://www.lsc-digital-public-

health.de/forschung/glossary.html in orientation at Winslow, 1920). Following Zeeb et al. (2), 
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DiPH can be seen as a comprehensive term for applying information and communication 

technologies related to public health (see also 3). While a consensus definition for DiPH is still 

lacking (4), it seems wise to regard the term in a rather encompassing way, including all 

electronic Health (eHealth), mobile Health (mHealth) and digital health tools and devices for 

the improvement of the health status of a population. Therefore, one should not only refer to 

primary prevention (i.e. intervening before a health problem occurs) but also to secondary 

(reducing the impact of disease by medical treatment) and tertiary prevention (i.e., 

rehabilitation) when talking about DiPH (4) (see chapter I.1 Why is it essential to address digital 

public health in an interdisciplinary way?).  

In an age of rapid technological development, the number of hardware- and software-based 

digital technologies is increasing rapidly and has already led to many possible applications. For 

instance, the number of mHealth apps available in the Apple App Store was more than 50,000 

in the second quarter of 2022 (5). Besides pure software products, devices such as fitness 

trackers, smartwatches and personal digital scales are also rising. These examples are just one 

sub-area of DiPH, which also extends to other health promotion and prevention types. Beyond 

health apps, possible DiPH interventions also include digital software used by health workers 

to notify health departments about new cases of a disease (6), Covid-19 contact tracking, digital 

applications of health insurances promoting healthy behaviour or partially compensating self-

paid health services, or interventions that use any kind of digitally linked device (for example, 

a physical activity promotion intervention with wearable or digitally linked accelerometers, see: 

7). Accordingly, we conclude that a wide variety of DiPH applications exists, and different 

requirements for the evaluation could play a role (8).  

Not all new devices contribute to population health, so the need for evaluation is self-evident. 

However, the sheer speed of technological development generates questions for evaluation 

methods. Thorough evaluations might need more time than the life cycle of specific products 
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takes. Consequently, the results of an assessment would be available only when the product is 

no longer in the market. Hence the question of how evaluations should be conducted arises. 

This question is even more relevant since, for example, digital health applications (DiGA) can 

be reimbursed by prescription in Germany.  

B.1.3. Evaluation of Digital Public Health Interventions 

Different aspects of an intervention can be evaluated. For digital tools, acceptance is a 

prerequisite for successful implementation. Since the 1980s, extensive research has produced 

several Technology Acceptance Models (TAMs) (9-12), which were later extended to the 

Unified Theory of Acceptance and Use of Technology (UTAUT model; 13). As there is already 

a broad body of literature on that and as the determinants of digital technology and other kinds 

of technology overlap in huge parts, we will not cover this here.  

Instead, we will concentrate on effectiveness (with usability as a prerequisite) and efficiency as 

the most important aspects of evaluation in a world characterized by limited resources. 

Additionally, we will discuss the environmental impact, such as carbon emissions of DiPH 

interventions, since we believe this aspect will play a more significant role in the future.  

It should be noted that other aspects, such as ethics, need to be considered when evaluating 

DiPH interventions. These aspects are covered in chapter II.2  Framework DiPH, which 

describes a newly developed comprehensive framework for developing and assessing DiPH 

interventions. 

B.1.3.1. Effectiveness  

From a public health point of view, it is crucial to disentangle potential financial gains for 

developers. These are essential for the implementation of innovations from possible health 

benefits for technology recipients in terms of user outcomes. This implies the assessment of 

benefit rather than mere technical effectiveness (14). The use of some technologies (e.g., health 
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apps and wearables) could contribute to gains in at least two domains: (1) for individuals in 

prevention, health promotion, monitoring, management, and health education and (2) for 

healthcare policy-makers by providing real-life, objective, self-tracked, and longitudinal data 

(15), to decide which devices should be promoted and which shouldn't.  

B.1.3.2. Exponential growth in literature on digital prevention and health promotion – but 

not much sound knowledge about effectiveness 

The need to evaluate DiPH interventions has been extensively addressed in reviews with 

systematic methodologies, such as systematic, scoping, or rapid reviews and overviews of 

reviews (14). Since the introduction of affordable internet on personal computers around 2000 

and the smartphone technology around 2010, the scientific literature on digital behaviour 

change techniques primarily targets physical activity and a healthy diet (16). Digital 

interventions targeting healthy lifestyles may benefit various population groups, such as older 

adults (17). So far, however, the quality of existing evidence and reporting of DiPH in 

systematic reviews is poor (14, 18).  

It appears that DiPH interventions supported by digital technologies contribute to small health 

benefits under the following conditions: (1) in the short-term (i.e., pre- vs post-intervention), 

(2) relative to no intervention, (3) for outcomes that can be measured objectively using digital 

devices (e.g., smartphones or activity trackers), such as steps or own weight per day, and (4) if 

human support is provided (i.e., technical support or social network established with other study 

participants or study staff) (17, 19). Although small health benefits may not be clinically 

meaningful, they could be sufficient to empower some populations, such as older people, to 

perform daily tasks required for independent living (19). However, DiPH interventions are not 

superior to non-digital interventions. This is especially the case in real-world conditions (i.e. 

when they are used without human support). The long-term maintenance of their health benefits 

is unknown, and their effectiveness for difficult-to-measure outcomes, such as well-being, is 
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unclear (17, 19). Evaluation of DiPH technologies is not easy to accomplish for the following 

reasons. 

First, it is unclear what methods should be used to evaluate the user outcomes of DiPH 

interventions. According to past reviews, the development of DiPH interventions is often 

guided by evaluation frameworks focusing on various aspects of behavior change theory (14). 

However, these reviews rarely addressed the theoretical underpinning of outcome evaluation, 

indicating that this topic was either not mentioned in the primary studies or not coded by review 

authors (14). Thus, complex or new methods may be required to adapt existing evaluation 

frameworks to evaluate user outcomes of digital health interventions (20). 

Second, evaluation of effectiveness of any health intervention requires a standardized 

terminology that clearly defines the components and mode of delivery as well as the desired 

outcomes. Both requirements are not fulfilled as yet in the new field of DiPH interventions. For 

example, there was surprisingly little overlap in the primary studies included in the past reviews. 

Nevertheless, all reviews focused on common intervention types (all digital) and health targets 

(all on physical activity outcomes) (14). Such general lack of a common language was also 

evident in incomplete reporting of intervention details and outcomes in this new field (14). 

Thus, we require a standardization of terminology before we are able to evaluate the health 

outcomes of DiPH. 

Third, the effectiveness of DiPH interventions is affected by a complex set of factors. Similar 

to any health intervention, the evaluation of the effectiveness of DiPH interventions should 

consider factors such as the dose-response relationship (i.e., higher and longer benefits with 

higher doses), the durability of any short-term effects in the absence of interventions, and the 

quality of adaptation towards the needs of the target population (e.g., children or older adults). 

One needs to consider two essential factors when evaluating DiPH interventions: First, the 

engagement with interventions (21), especially if such interventions do not involve any human 
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support, and second any add-on health benefits relative to other traditional (non-digital) 

interventions (17). The following section will investigate the considering factors for the 

evaluation context. Herebey, we’ll explain the adoption of evaluation frameworks, classic study 

designs usually used for evaluation purposes, alternative study designs for the digital 

environment, and digital data collection. 

B.1.3.3. What factors to consider in the context of evaluation? 

Evaluation frameworks 

Frameworks that can be used for systematically evaluating digital interventions for public 

health purposes are still scarce. Most existing frameworks focus on evaluating digital 

technologies without considering public health-relevant aspects (22). To remedy this situation, 

members of the Leibniz ScienceCampus DiPH developed the first draft of a DiPH framework 

(see Chapter II.2 in this handbook and: 23). This process was based on three steps: (1) scoping 

review of existing public health and digital health frameworks, (2) mapping of identified public 

health and digital health frameworks on the structure of the Health Technology Assessment 

(HTA) Core model, and (3) consensus meeting with interdisciplinary experts from the Leibniz 

ScienceCampus DiPH. The DiPH framework consists of 210 questions structured in 13 

domains (i.e., health conditions and current public health interventions, functionality of the 

health technologies, software properties, Human-Computer Interaction, infrastructure and 

organization, implementation, health-related effects, social, cultural and gender aspects, cost 

and economics, legal and regulatory, ethics, data security and data protection, sustainability) 

(23). As a next step, the Leibniz ScienceCampus DiPH will apply the framework in case studies 

(see chapter II.2 Framework DiPH). 

Study designs 
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To assess the effectiveness of public health interventions, randomized controlled trials (RCTs) 

serve as a gold standard. However, due to the extended timeframe and rigidity of RCTs, these 

are perceived as not always optimal for evaluating DiPH interventions. DiPH interventions 

underlie the rapid development of digital technologies and are complex concerning user needs 

and intervention components. Alternative study designs, which consider the characteristics of 

DiPH interventions to a certain extent, are the continuous evaluation of evolving behavioral 

intervention technologies (CEEBIT), multiphase optimization strategy (MOST), sequential 

multiple assignment randomized trials (SMART), micro-randomized trials and N-of-1 trials 

(see Textbox 3).  

Reviews reporting on the use of evaluation methods for digital health interventions found that 

RCTs are still more often used than alternative designs (24). For instance, a scoping review on 

evaluation methods applied to digital health interventions beyond RCTs included only eight 

studies on four alternative evaluation designs (i.e., factorial designs, stepped-wedge designs, 

SMART, micro-randomized controlled trials) (20). One reason for the infrequent use of 

alternative study designs is that they are considered to be more appropriate for intervention 

development (e.g., MOST, SMART, micro-randomized trial) rather than determining 

effectiveness (25) – and of course they are not the gold standard. Therefore some authors 

suggest conducting an RCT afterward (e.g. 26). At the moment, a clear recommendation 

regarding the best method for evaluating DiPH interventions cannot be given. Further research 

and discussion is needed (20).  
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Continuous evaluation of evolving behavioral intervention technologies (CEEBIT) 

(27) 

Continuous evaluation concept which compares different interventions included in one 

digital tool. New interventions can be added at any time. Interventions with inferior effects 

are terminated. 

Multiphase optimization strategy (MOST) (26) 

Multiphase concept for selecting and refining intervention components, followed by testing 

the overall intervention using an RCT. 

Sequential multiple assignment randomized trials (SMART) (26)  

Test concept for comparing multiple time-adaptive treatment strategies. Randomization to 

conditions at different time points, depending on the outcomes of the intervention so far. Data 

from multiple experimental groups are combined to test research questions of interest. 

Micro-randomized trials (28)(Klasnja et al. 2015) 

Evaluation design for Just-in-Time Adaptive Interventions (JITAIs). Participants are 

randomized to different intervention conditions at critical time points. Short-time effects of 

different conditions are estimated and tested. 

N-of-1 trials (29) 

Trials with only one participant, who receives different interventions repeatedly in a 

randomized order. Individual intervention effects for the participant are estimated. Results of 

multiple N-of-1 trials can be combined. 

Textbox 3 

Example of an alternative study design: N-of-1 trials 

One example of an alternative evaluation method is the N-of-1 trial (for an overview, see 29). 

In an N-of-1 trial, the effect of an intervention is evaluated for an individual participant. The 

participant receives the intervention or a control for a predefined study duration, usually in a 

randomized order. The outcome is repeatedly recorded and compared between intervention and 

control periods. The effect of the intervention can be estimated and tested. If randomization is 

used, the bias due to time-depending confounders is minimized (29). Comparing different N-

of-1 trials gives information about the heterogeneity of effects in difference to RCTs where 

average effects are measured (30). The average impact on the population can be investigated 

when combining the results of multiple N-of-1 trials (29). 
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N-of-1 trials can be used to evaluate DiPH interventions that are applied on the individual level. 

The approach allows investigation of interindividual differences in intervention effects, for 

example, which elements of the intervention are effective for whom or whether there are 

different trajectories of change over time (30). Due to the cross-over type of evaluation, sample 

sizes are smaller than in RCTs. However, an N-of-1 trial cannot be applied in every situation. 

It requires a short-time intervention that can be randomized within a participant and an outcome 

that can be repeatedly and easily collected. An exemplary study was conducted by Sniehotta, 

Presseau (31), where the effect of goal-setting and self-monitoring of physical activity was 

tested in ten identical N-of-1 trials. Two participants each benefited significantly from goal-

setting or self-monitoring. For the others, no significant effect could be shown.  

Digital data collection 

Digital and especially mobile technologies allow the collection of biological, behavioral, or 

environmental data (32). This is done by the technology/application itself or connected devices 

like pedometers or smartwatches. Using digital data creates unique opportunities and challenges 

for evaluating digital (public health) interventions.  

Many digital technologies routinely collect data, due to technical reasons, as part of the 

functionality (e.g., apps used for monitoring) or for personalizing content. If these data are used 

for evaluation, we speak of secondary data analysis (see Chapter V.3 Use of secondary data for 

DiPH for a detailed discussion), as contrasted with data collected directly (primary) for a 

research question. Automatically collected data can be used to investigate user involvement 

(data traffic, number of downloads, use data). Also, effectiveness can be tested, for example, in 

physical activity. Possible outcomes for effectiveness include the number of steps, number of 

minutes in moderate-to-vigorous physical activity (MVPA), or total physical activity (TPA) in 

a chosen time period. The use of smartphones allows furthermore to include environmental 

covariates like the weather or GPS location in evaluation models. 
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If data are repeatedly collected, this allows modeling of changes over time and time-depending 

covariates. It may be of interest under which situations and for whom an intervention is 

effective. This is especially the case for interventions for behavioral change, as behavior is 

context-dependent. In psychology, such evaluation methods are called ecological momentary 

assessments (EMA) (33). The subjects' psychological state in EMA is repeatedly assessed at 

strategically selected moments in real-world environments. 

One advantage of digitally collected data is a lower effort since participants do not have to come 

to the research centers for measurements. As data are collected in daily life, this approach leads 

to a high external validity. Additionally, digital data collection may lead to a high density of 

data. With appropriate statistical methodology, higher power and smaller sample sizes 

compared to traditional outcomes can be achieved (32). Study designs like micro-randomized 

trials or N-of-1 trials rely on a high number of data points over time. 

However, one should be aware of the challenges if one chooses digital data collection. 

Technical problems may occur. If participants' own devices are used, the digital intervention 

has to work for different operating systems. Technical errors or connection issues may lead to 

missing data (34). Due to the real-life setting, the heterogeneity in the technology use of 

participants may reduce the internal validity. For example, the assessment of physical activity 

depends on carrying the smartphone or wearable on person at all times. Also, the technical 

literacy of a participant will influence the technology use. Taking these factors together, one 

has to expect missing values and high variability. To meet these challenges, a pilot study should 

be done to fix technical errors and to test whether the instructions are clear and understandable. 

Technical support may help people with problems due to low technological literacy. Lastly, an 

appropriate evaluation strategy should be used to account for time series structure and missing 

data. 
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B.1.4. Evaluation of cost-effectiveness  

DiPH technologies consume limited resources, so effectiveness and cost-effectiveness are 

relevant for their evaluation. As defined by Drummond, Sculpher (35), economic evaluation 

compares two or more interventions in terms of their cost and consequences. However, which 

costs and which consequences are to be investigated depends on the decision context.  

In the following section, we distinguish between four contexts of deciding about the acquisition 

of DiPH technologies from limited resources: private decisions of individuals acquiring digital 

technologies on markets, coverage decisions taken by decision-makers in the public health and 

healthcare system, public decisions of policy-makers with broader considerations than health 

alone and decisions by companies using DiPH interventions as investments into employee 

health. We briefly explain each context's essential characteristics, review the published 

evidence, and discuss methodological issues. Finally, we reflect on the possibilities of 

extending the economic evaluation perspective to a planetary perspective that does not only 

include the monetary costs.  

Basic information on "What could be evaluated" in costs and economics has been presented as 

part of the DiPH framework [see II.2 DiPH Framework]. To get more detailed information on 

what are the methodological particularities in the economic evaluation of DiPH, we refer to 

chapter [IV3.3 EPHO8: Assuring sustainable organizational structures and financing]. Here, 

economic evaluation is introduced as a method to ensure sustainable financing of (digital) 

public health.  

B.1.4.1. Informal private decisions about acquiring DiPH technologies 

A central concept for economic evaluation linked to the decision context is the so-called 

"perspective", i.e., the question whose costs and benefits are considered. Unlike other public 

health interventions such as cancer screening, many potentially health-relevant digital 
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technologies like pedometers or other wearable devices are bought on consumer markets. In 

terms of welfare economics, these applications can be regarded as private goods and services. 

In this case, it is up to the user to decide whether or not to download and use a digital health 

app based on their judgment of perceived costs and benefits. Only such private evaluation 

allows accounting for individual preferences.  

On the other hand, such individual assessments of private, individual value can easily under-

estimate the costs of data disclosure (see chapter V6 "Ethical aligned design and how to 

implement it"). Also, it is far from easy to evaluate the effectiveness of a digital tool in a 

realistic, unbiased manner (see above). Therefore, regulation like data safety law is needed to 

ensure that digital goods do not incur harms that may not be perceived and thus not included in 

the private evaluation of cost-effectiveness. Also, it might be of value to make information on 

the effectiveness and cost-effectiveness of digital devices available easily intelligible. This 

ensures well-informed private decisions about the acquisition of DiPH technologies. While it 

could be seen as a task of researchers to take this aspect of transfer into account in their 

publication strategies, the provision of such information could also be left to the market, or be 

organized in a non-profit way like the Stiftung Warentest in Germany. 

B.1.4.2. Coverage decisions using cost-effectiveness and cost-utility analysis 

The need for publicly financed evaluations is more urgent if DiPH interventions are collectively 

funded by a national health service or a statutory health insurance system, thus turning these 

interventions into a public good. In this case, decision-makers need respective analyses to 

decide whether specific devices should be publicly reimbursed or not. Correspondingly, the 

standard context for which economic evaluation methods have been developed and are applied 

are coverage decisions made by healthcare and public health decision bodies. Respective bodies 

such as the English and Welsh National Institute for Health and Care Excellence (NICE) use 

cost-effectiveness analyses (CEA) and cost-utility analyses (CUA) as their standard tools.  
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CEA compares costs and a single health outcome . Examples of CEA in the context of DiPH 

are analyses of costs per  

- kilogram weight loss (36),  

- kilogram of fat loss (37, 38),  

- metabolic equivalent hours of walking and leisure activity per week (39) or  

- quitter in smoking cessation interventions (40).  

The (incremental) cost-effectiveness ratio (ICER) then summarizes how much additional 

money has to be spent on improving the respected endpoint by one (marginal) unit. 

CUA compares costs to a generic measure of health gain, which can combine single or multiple 

effects. Possible outcomes of economic evaluation are costs per quality-adjusted life year 

(QALY) or costs per disability-adjusted life year (DALYs) gained. QALYs combine the health-

related quality of life (0 corresponds with death and 1 with full quality of life) and life years. 

They allow for comparing very different and similar interventions with varying effects on 

health. Most importantly, they allow comparisons between health technologies aiming at 

indications (35, 41). Among the 14 economic evaluations recently assessed by a systematic 

review of preventive Digital Public Health interventions (42), twelve analyzed costs per QALY. 

Economic evaluation can incorporate data from different sources. The three paradigm cases are 

economic evaluations based on (i) clinical trials (43), (ii) observational data like routine data 

from sickness funds (44-46) and (iii) decision-analytic models, which can incorporate all sorts 

of data and are typically based on data from literature reviews (47). Even if observational 

studies appear highly relevant for evaluating DiPH interventions offered by sickness funds to 

their enrollees, own explorative searches conducted for this chapter mainly identified model- 

(see e.g. the studies in: 42) and trial-based (see e.g. the studies in: 48) health economic 

evaluations. 
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Though there are several CEA and CUA of digital health interventions (42, 48), knowledge is 

scarce compared to the numerous DiPH technologies which could be applied. For example, 

more than 100,000 commercial physical activity apps are currently available in the major app 

stores, but only a small number have undergone formal cost-effectiveness analysis (49). DiPH 

interventions, currently most frequently assessed by health economic evaluation, are web-

based, text-message-based, and app-based to promote physical activity and weight loss, as well 

as interventions for smoking cessation (42).  

Lange (42) reviewed economic evaluations that use decision-analytic modeling. While study-

based economic evaluations are restricted to the short-term results of clinical trials, model-

based analyses can more easily estimate costs and effects over longer time horizons. 

Accordingly, most model-based analyses have a medium or lifetime horizon, using various 

modeling approaches like Markov-, Multistate Life Table-, Discrete Event Simulation, or 

microsimulation models. Typically, the analyses estimated costs from the perspective of 

healthcare payers. Only two studies included societal costs in terms of productivity losses.  

Regarding the final cost-effectiveness results, only two of the 14 studies Lange (2022) included 

reported that the expected costs of potentially avoided diseases exceed the intervention costs. 

Generally, the cost-effectiveness results are heterogeneous: the ICER of the included studies, 

which report cost per QALY, range between a min of −€ 1,616 and a max of € 114,211 (mean 

value of € 31,143 per QALY). Thus, a general statement on DiPH interventions' cost-

effectiveness is impossible. The cost-effectiveness ratio has to be determined separately for 

each DiPH intervention as it depends on various issues like the type of intervention, the setting, 

and the target population. 

Other reviews report on the cost-effectiveness of overall digital application areas such as 

mHealth (50), eHealth (51), both mHealth and eHealth (52) or specific groups such as the 

elderly (53) point towards the same direction. 
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B.1.4.3. Public policy decisions using cost-benefit analysis 

DiPH interventions may also have consequences outside of healthcare, and decisions about their 

acquisition from scarce public budgets may be made by other than health and healthcare 

decision-makers. Moreover, digital interventions frequently have multiple benefits. Besides 

increasing health-related quality of life, for instance, an intervention that encourages 

commuting to work by bike rather than by private car can decrease presenteeism and 

absenteeism, and improve environmental impact or mental health and well-being.  

Interventions which involve a diversity of benefits may better be susceptible to a cost-benefit 

analysis (CBA), which is not restricted to health-related endpoints but may include all kinds of 

consequences. To make them comparable, all outcomes of an intervention are expressed in 

monetary terms, thus allowing integration of all effects into one figure. Moreover, 

recommendations follow immediately from this kind of analysis: As long as the monetary 

values of the consequences are higher than the monetary costs of an intervention, it should be 

pursued according to CBA. In CEA and CUA, an additional assessment is necessary to decide 

whether the ICER is regarded as satisfactory. To estimate the monetary value of outcomes, 

willingness to pay (WTP) analyses are performed.  

This might appear as if CBA is generally superior to CEA or CUA. However, it must be kept 

in mind that the two methodological approaches lean towards quite different normative 

conceptions of what a desirable allocation of scarce resources looks like (54). These 

conceptions are linked to the terms welfarism and extra-welfarism (55). Welfarists argue that 

the value of spending resources can only be determined by individuals and is best estimated by 

how much money individuals are willing to pay to receive this value. Extra-Welfarists argue 

that intersubjectively comparable measures of well-being, like capabilities, rather than 

individual preferences, should guide economic analysis (56). For a public health decision-

maker whose primary concerns are health gains (and their distribution), CEA or CUA are likely 
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to be the more appropriate approaches. In case a DiPH technology primarily provides other 

benefits than health gain, the acquisition of these technologies may better be left to the 

individuals’ private valuation and market acquisition. CBA may be the more appropriate 

method for a policy maker outside the specific field of healthcare and public health, who has to 

account for very different dimensions of benefit. 

Methods for estimating WTP are well established (57) and can also be applied to DiPH 

interventions. For example, WTP has been estimated as a weight loss maintenance intervention 

based on smart scales and text message support. The study revealed that the WTP per avoided 

percentage point of weight re-gain differed between £ 0.35 per month for users experienced 

with the intervention and £ 0.12 for the least experienced group. Also, highly educated and 

female respondents cared more about outcomes compared with costs (58). This stresses the 

importance of selecting adequate respondents for WTP surveys. Also, WTP is typically 

associated with income, so wealthier individuals' preferences bear a higher weight in WTP 

elicitation studies. This may be why a full CBA that compares benefits in terms of WTP with 

costs can rarely be identified for DiPH interventions. Further research would be necessary to 

provide better guidance on addressing these issues in the CBA of DiPH interventions. 

The major challenges for conducting an economic evaluation of DiPH interventions do not lie 

in the cost side but somewhat in measuring effectiveness. Nevertheless, it is remarkable that 

economic evaluations, e.g., for prevention in the elderly (59) hardly account for the specific 

challenges the respective interventions raise for the measurement of effectiveness (see also: 

42).  

B.1.4.4. Company decisions using return on investment analysis 

A fourth decision context relevant to the economic evaluation of DiPH interventions is the 

decision of companies that use digital technologies as investments in workplace health 
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promotion (WHP). Like for other investments, managers are interested in such interventions' 

return on investment (ROI) (an idea that could also be relevant for publicly financed healthcare 

systems). 

There are several studies comparing costs and cost savings of digital WHP interventions, like 

weight management (60), physical activity promotion (61), stress management (62) or 

combined programs (e.g. 63). Even if the analyses are sometimes labeled CBA, the benefits in 

these analyses typically consist of different types of direct and indirect costs like the costs of 

presenteeism, absenteeism, and saved medical expenditures due to avoided disease (60, 62). 

The latter are particularly relevant to public employers who co-fund their employees' 

healthcare. 

It has to be noted that the considerations regarding assessing effectiveness above are also 

relevant for cost-effectiveness assessments: even if RCTs frequently lack external validity and 

suffer from too short time horizons, there are high associations between study types and the 

outcomes of ROI analyses of WHP interventions. A systematic review of 51 ROI studies of 

WHP programs showed a clear inverse relation between ROI and study quality. While the mean 

ROI of all WHP studies was 1.38, the higher the study quality, the lower was ROI. RCTs even 

exhibited a negative mean ROI (64).  

B.1.4.5. Extending the perspective to include environmental benefits and harms 

A general recommendation for the economic evaluation of publicly funded interventions is that 

the analyses should use the societal perspective, i.e., considering all costs and benefits from all 

members of society (65). 

However, DiPH may not only produce (un)intended monetary costs borne by others than the 

public healthcare payer. They also consume resources that are not easily susceptible to 

monetarization (for example, use of the scarce absorption capacities of greenhouse gases 
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(GHGs)). Since 2006 health in all policies is a common demand, and there is good reason to 

demand climate in all policies now. Virtual services (e.g., telemedicine or virtual care) or DiPH 

interventions which encourage commuting by bike rather than by car could be assumed to avoid 

emissions. However, besides travel-related GHG emissions, these interventions also increase 

GHG emissions associated with the energy consumption of digital devices, servers, and 

networks, as well as indirect emissions related to the production of new devices.  

Life-cycle assessment (LCA) is a well-developed methodology to analyze these emissions (66, 

67). LCA provides a standardized technique to assess the environmental impacts of a product 

throughout its life cycle, i.e., from the extraction of raw materials through its production and 

use phase until its final disposal. There are two approaches to conducting LCAs: process-based 

and cost-based LCA. Process-based LCA uses a bottom-up approach in which information 

about all environmentally relevant material and energy flows associated with a product system 

are collected, and their environmental impacts are estimated based on approved models (68). 

Cost-based LCA pursues a top-down approach: using environmentally extended input-output 

tables, all environmental impacts of an economy (or different economies in multi-regional 

input-output models) are assigned to the economies’ various industries. Using the Leontief 

inverse, emission factors per output for each industry can be calculated. By using the inverse, 

the whole supply chain is included. Using monetary values as units of calculation, these data 

allow estimating the environmental impact per Euro spent for products from a certain industry 

(69, 70).  

There are different links between cost calculation in health economic evaluations and LCA. 

Following methodological standards of health economic evaluation, the analysis of costs should 

be based on the three steps of resource identification, measurement in physical units, and 

valuation (65). Since process-based LCA is based on data on resource consumption which are 

then valued (in terms of their environmental impacts, not in terms of their monetary values), 
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there are theoretical similarities. Since bookkeeping data from cost type based accounts can 

also be used for cost-based LCA in healthcare (71), the methodological link between LCA and 

cost assessment is even more visible (for further information on the methodology, see Chapter 

IV.3.3 EPHO8: Assuring sustainable organizational structures and financing).  

It should be noted that there are also links to the benefits side of economic evaluations. 

Generally, measuring effectiveness is a matter of balancing medical benefits and harms, and 

also QALYs allow aggregation of different positive and negative benefits. Likewise, ways 

could be found to include environmental advantages and disadvantages into the index of 

benefits in CUA, or they could be measured in terms of WTP in cost-benefit analysis. Further 

research is necessary on the appropriate integration of environmental concerns into economic 

evaluation, also on this aspect. 

Given the discussion about climate change, using LCA to estimate the GHG footprint of DiPH 

would be of particular interest. However, assessing the environmental impacts, like the carbon 

footprint of new DiPH interventions, is still uncommon, so the published evidence is still sparse. 

One recent systematic review assessed the evidence on the carbon footprint of virtual care and 

identified 23 studies that claimed to estimate a carbon footprint. However, the existing studies 

barely met the methodological standards set by the different guidelines. Therefore, even if many 

studies concluded that virtual care interventions are carbon-saving, these results must be 

handled with care. This is mainly because they replace individual travel with less carbon-

intensive teleconsultation (72). More research on this important topic and its connection to 

health economic evaluation is necessary. The current evidence suggests that studies in this field 

still has a long way to go until the application of methodological standards like in other fields 

of evidence-based medicine and public health is more widespread practice.  
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B.1.5. Conclusion 

In the above reflections, we have dealt with two research questions: What is known about 

evaluating DiPH interventions, and how should evaluations of DiPH interventions be 

conducted? We have applied these questions to the evaluation's effectiveness and cost-

effectiveness. Despite growing literature, hard evidence on effectiveness is scarce. 

Interestingly, the same is true for related areas, such as the effectiveness of digital nursing 

technologies (73, 74). So, the potential of effectiveness analyses is not fully used yet.  

Concerning methodology and methods, a framework addressing the evaluation of DiPH 

interventions is now available (23). This may help ask the right questions in further assessments. 

Regarding study designs, it seems necessary to combine RCTs, which still present the gold 

standard for evaluation but are too slow for some purposes, with new evaluation forms such as 

CEEBIT, MOST, SMART, micro-randomized trials, and N-of-1 trials. As some of these forms 

are relatively new developments, more research is needed to understand what the contribution 

of these types of studies could be.  

Reliable results from cost-effectiveness, cost-utility, and cost-benefit analyses are also still 

scarce. The range of ICERs in respective analyses is extensive. Interestingly, ROI analyses 

show a negative correlation between the resulting ROI and the study's methodological quality. 

So, RCTs give negative results, while studies with lower levels of evidence produce better 

results. This has to be considered when methodological recommendations are formulated. ROI 

studies seem to confirm the dilemma: Relying on RCTs bears the risk that evaluations take too 

much time to influence decision-making. Using other methods, on the other hand, might 

produce less reliable results. The careful combination of methods, thus, seems to be the only 

way to progress. As the importance of environmental consequences is growing, the 

consideration of these consequences in all policies seems inevitable. Future studies should, 
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therefore, include respective aspects, such as the carbon footprint, of DiPH interventions. Given 

the yet under-investigated link between cost analysis and the analysis of environmental impact, 

this field will hopefully experience methodological development in the near future. 

For effectiveness analysis and economic evaluation, it is essential to note that a significant share 

of DiPH interventions decisions rests with market actors. Users base their decisions on 

individual preferences. Nevertheless, effectiveness and efficiency analyses could contribute to 

better-informed decision-making. If DiPH interventions are financed collectively, effectiveness 

and efficiency analyses from a societal perspective are even more urgently needed.  
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B.2.1. Summary  

Essential Public Health Operation (EPHO) 8 requires the assurance of sustainable financing to 

provide efficient, effective, and responsive services. Pursuing this purpose requires evidence 

on how a digital public health (DiPH) intervention impacts on health, the environment, and 

scarce public health resources. Health economic evaluation provides a set of standards to 

generate this evidence. Based on the Consolidated Health Economic Evaluation Reporting 

Standards (CHEERS), this chapter discusses points to consider when evaluating (preventive) 

DiPH interventions. Specific issues arise, for example, from rapid technological change and the 

potential for long-term effects beyond the technological life cycle of single interventions. Also, 

which benefits and harms are to be considered in the economic evaluation depends on the 

decision maker, and very different decision makers may acquire DiPH technologies (e.g., 

private households, health systems, other public payers, and companies). As interventions may 

have an intersectoral impact, a broader perspective may be necessary. There is also a growing 

need to account for planetary boundaries of ecologically sustainable healthcare and public 

health. These issues can influence the results of an economic evaluation. Therefore, especially 

for DiPH interventions, it is important for decision-makers to reflect on assumptions and justify 

which areas are affected besides health. 

Keywords 

Economic evaluation, cost-utility, cost-effectiveness, cost–benefit, digital health, digital public 

health, climate change, life-cycle analysis  
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B.2.2. Introduction 

Like any other public activity, public health operations have to account for limited resources. 

The purpose of EPHO 8 “is to ensure sustainable organizations and financing for public health 

to provide efficient, effective and responsive services. This entails developing services that are 

integrated, have minimal environmental impact with maximal health gain, and have sufficient 

funding for long-term planning. Sustainability in public health services will ensure that health 

is protected and promoted today and in the future” (1). Pursuing this purpose requires evidence 

of a service’s impact on health, the environment, and limited public health budgets. This is our 

focus in the current chapter. 

B.2.2.1. Generating evidence of sustainable financing for digital public health 

In the policy debate, financial sustainability of health systems is frequently understood as a goal 

on its own right: to ensure balance between entitlements granted to the covered population and 

available funds (2: 1f.). However, this may lead to policy focus on achieving fiscal balance, 

ignoring the possible impact of cost containment policies on other health system goals like 

efficiency and equity (2: 5f.). We therefore follow Thomson, Foubister (2) by viewing financial 

sustainability as a constraint to be respected, rather than a goal on its own right. 

Analyzing how to make (rational) decisions in the face of resource constraints can be seen as 

the definition of economics (3): generally, there are always more decision options that could be 

pursued than resources available which would be necessary to realize them. For example, in 

public health, there are always individuals that could benefit from more promotion of physical 

activity, dietary counselling or different genetic or other screening programs if more programs 

were offered or more efforts were made to tailor programs to individual preferences or to ensure 

that every individual receives the offer of existing programs. Besides medical, epidemiological, 

legal, or ethical considerations, one unavoidable question for wisely spending health resources 
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is how to invest a given budget in a way to obtain as much benefit as possible, or of how to 

obtain some amount of benefit with as low cost as possible. 

To meet health system objectives in the face of increasing costs and resource constraints, 

policy-makers have three options: increase the amount of funding; contain costs by reducing 

services; and increase efficiency by achieving more with existing resources (2: 7). 

This chapter focuses on the third goal because digital technologies are associated with various 

promises to increase the effectiveness and efficiency of health services. For example, they may 

help to overcome spatial and temporal distances in monitoring health status and delivering 

health services, thereby reducing unnecessary transport, double diagnoses, avoidable diseases, 

and hospitalizations (see: 4: 102). 

This topic is timely as reimbursement agencies are currently handling various novel digital 

interventions. In Germany, for example, digital prevention courses are made available at the 

cost or with co-payments from sickness funds, which have to provide verification of 

effectiveness from the “Prüfstelle Prävention” (Prevention Testing Center). Also, since the 

Digital Healthcare Act came into force in 2019, digital interventions such as weight-loss apps 

for obesity patients can be covered by statutory health insurance (5). 

Generally, “digital intervention” and “digital technology” are very broad terms. Similarly, 

“digital public health” (DiPH) can be understood broadly as the digitalization of vertical public 

health functions encompassing all aspects of public health, such as health protection, health 

promotion, disease prevention, healthcare and preparedness for public health (6). However, the 

broader one’s concept of DiPH, the more difficult it is to make specific statements on its 

contribution to the efficiency of health resource spending. Therefore, we follow the view of 

DiPH presented by Zeeb, Pigeot (7), who focus on population, health promotion, disease 

prevention, and public health topics such as equity. In this view, DiPH contrasts with other 
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concepts like eHealth, mHealth, digital health, and telemedicine, which all focus on medicine 

and medical treatment. Although this chapter draws on some literature regarding those 

concepts, our focus is on (preventive) DiPH interventions such as smartphone and wearable 

interventions targeting weight loss. 

To assess whether investing into new DiPH interventions is an efficient use of health systems’ 

scarce resources, evidence of their cost-effectiveness is needed. This evidence can be generated 

by health economic evaluations. Depending on the type of evaluation, DiPH interventions can 

be compared to conventional alternatives in terms of costs per clinical health outcome (cost-

effectiveness analysis); cost per generic health outcome, such as quality adjusted life-years 

(QALYs; cost–utility analysis); cost per disaggregated set of outcomes (cost–consequences 

analysis); or in monetary net benefit comparing costs to benefits measured in monetary values 

(cost–benefit analysis) (8). Chapter II.6 Evaluation in this handbook briefly overviews evidence 

of the effectiveness and cost-effectiveness of DiPH interventions. In this chapter, we focus on 

the methods of assessing their cost-effectiveness. 

DiPH interventions impact on not only the scarce financial resources of health systems but also 

the scarce environmental resources used as inputs and the limited capacities to absorb emissions 

from health systems. These impacts may be desirable – for example, if a digital program for 

promoting physical activity reduces the number of individuals commuting by car to sports 

facilities, or if it reduces the number of hospital admissions and their associated carbon 

footprints (cf. 9). However, the impacts may also be detrimental to the environment. For 

example, owing to the rebound effect, increases in material or energy efficiency of digital 

devices may be more than offset by the direct and embedded energy and material use of the 

growing number of devices and applications (10-12). Therefore, we cover how to account for 

environmental impact in the economic assessment of DiPH efficiency. 
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B.2.2.2. Existing knowledge and targeted gaps 

Various articles describe methodological challenges in the economic evaluation of digital 

healthcare. However, they focus on digital health (e.g., 13, 14, 15), digital mental health (e.g., 

16), or telemedicine (e.g., 17, 18, 19). To our knowledge, there is no systematized account of 

methodological challenges in the economic evaluation of (preventive) DiPH interventions. 

According to Weatherly, Drummond (20), standard techniques are limited for preventive 

interventions. The authors cite four reasons: first, costs and benefits are connected to 

populations instead of individuals; second, as costs and benefits are typically wider for public 

health, an intersectoral approach may be needed to comprehensively identify them; third, 

typically used approaches for measuring and valuing health benefits (e.g., QALYs) may fail to 

capture the intended effects; and fourth, standard methods of health economic evaluation may 

not sufficiently account for health inequalities, which are a particular feature of many public 

health interventions (20).  

Therefore, this chapter aims to discuss relevant aspects for the economic evaluation of 

(preventive) DiPH interventions, considering both issues of digitalization and the specific 

challenges of assessing interventions for prevention and health promotion. 

A central reference on how to conduct health economic evaluations transparently is the 

Consolidated Health Economic Evaluation Reporting Standards (CHEERS) (21). CHEERS 

aims to ensure that all types of economic evaluation are interpretable and useful for decision-

making by specifying which details should be included (21). We use CHEERS for structuring 

methodological challenges in the economic evaluation of DiPH interventions. Following this 

structure, Section 2 will elaborate on the primary public health challenges regarding economic 

evaluation and then address points to consider in evaluation. 



92 

 

In environmental evaluations of digital technologies, it is necessary to capture not only the 

environmental impacts associated with the technology’s use – e.g., energy use and associated 

carbon dioxide (CO2) emissions – but also those associated with its resource use, production, 

transport, and disposal. In short, a life-cycle perspective is required. 

Broadly, there are two methodological approaches that serve this purpose. First, process-based 

life-cycle assessment (LCA) requires the identification of all processes and systems used to 

generate the intended outcome of a product throughout its life cycle. Data on all relevant 

material and energy flows within these processes is collected in a life-cycle inventory and used 

to build a life-cycle model. Subsequently, the environmental impacts of these flows are 

analyzed, usually based on approved models such as ReCiPe or TRACI. The final phase of 

process-based LCAs is the interpretation of results, including sensitivity analyses and 

discussion of limitations. Methodological standards for conducting process-based LCAs are 

provided by the International Organization of Standardization’s (ISO) norms 14040 and 14044 

(22). 

Second, environmentally extended input-output life-cycle assessment (EEIO-LCA) estimates 

environmental impacts based on a top-down approach, in contrast to the bottom-up approach 

of process-based LCA. The environmental impacts of an economy are allocated to its different 

industry sectors through input-output tables documenting the material and product exchanges 

between industry sectors. Extending these accounts of product flows in monetary values by 

environmental satellite accounts allows the calculation of emission factors per end product of 

the economy’s industries – i.e., estimates of environmental impacts like CO2 emissions per 

euro spent on products from a given industry. Multi-regional EEIO models allow the inclusion 

of environmental impacts caused by production processes outside a national economy (23, 24). 

While the estimates of environmental impacts from EEIO-LCA are less accurate than process-

based LCA, they are easier to obtain. This is because health sector accounting frameworks 



93 

 

provide standards for reporting costs per cost type. Frequently, these cost types (e.g., drugs or 

food) can be associated with industries (e.g. pharmaceutical or food industry) for which 

emission factors are available – so that environmental impacts like carbon footprint can be 

estimated by multiplying costs from bookkeeping data with readily available emission factors 

(see e.g. 25). 

While standards for conducting process-based or EEIO-LCA are available, the reporting 

standards are far less developed than those for other methods relevant to public health, such as 

health economic evaluations (for an example dedicated to carbon footprint, see: 9). Also, it is 

an open question whether and how the assessment of environmental scarcities by LCA can be 

integrated into health economic evaluations of DiPH. Environmental goals could be included 

on the effect side of economic evaluations, by developing some aggregate measure of benefit 

that includes environmental benefit. Alternatively, environmental costs could be included on 

the cost side, extending the perspective of costs to environmental ones. In addition to reporting 

points to consider in evaluating DiPH interventions using standard health economic methods, 

the following section will elaborate on how environmental impacts might be integrated into the 

analysis. 

B.2.3. Assuring sustainable financing & considering environmental impacts 

CHEERS provides a benchmark for transparency in its guidance on what to report in health 

economic evaluations. Its 28 items can also be used as a transparency checklist in systematic 

reviews of health economic evaluations (26). In the following, methodological challenges are 

discussed with reference to each item in sequence. 

B.2.3.1 Title, abstract, and introduction 

CHEERS requires that the title identifies the study as an economic evaluation and specifies the 

interventions being compared (item #1). Next, the abstract should describe the interventions 
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(item #2), and the introduction should present the study question and its relevance for policy 

practice (item #3) (21). These criteria may appear rather generic for evaluations of DiPH 

interventions. It should be kept in mind, however, that reviews tracking the evidence in this 

field typically rely on information in the titles and abstracts to decide whether to include a study. 

Therefore, to ensure proper evidence synthesis, it is important to explicitly state the digital 

component early in the study report. 

While standardized definitions of various digital health applications have been proposed, there 

is still a lack of standardized terminology for digital health interventions (DHI) (27). Until such 

a generally agreed upon terminology has been developed, it would be desirable if the aim of the 

intervention is stated alongside with a description of the technology by which it is delivered 

(for example: A cost-effectiveness analysis of a weight-loss intervention delivered by mobile 

app and wearable vs. face-to-face meetings). 

B.2.3.2 Health economic analysis plan 

CHEERS item #4 requires an indication of whether a health economic analysis plan (HEAP) 

was developed (21). HEAPs are used as study protocols and describe trials, parameters, and 

assumptions before an economic evaluation is conducted. Standardization of HEAPs is a new 

requirement for health economic evaluations. For trial-based economic evaluations, the authors 

of CHEERS (Husereau et al. 2022) referred to a recent Delphi study determined that 58 items 

should be included (28), clustered into the following subsections: administrative information, 

trial introduction & background, economic approach / overview, economic data collection & 

management, economic data analyses, modeling, reporting / publishing, and appendixes. 

However, as Chapter II.6 Evaluation explains, standard randomized controlled trials (RCTs) 

may not be the best approach for establishing evidence on the effectiveness of DiPH 

interventions. A more flexible approach that can integrate different types of evidence is 
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decision-analytic modeling. However, it is still unclear how HEAPs should be designed for 

model-based health economic evaluations. Also, study protocols are common practice in study-

based economic evaluations (e.g., to describe an RCT) but not for model-based economic 

evaluations. Generally, it appears possible to state the research question, justify the choice of 

perspective and the included effects and costs, and scientifically discuss a decision-analytic 

model before the analysis is conducted. However, decision-analytic models should incorporate 

the best available evidence, and new evidence may be published during the modeling work, 

especially in the dynamic field of DiPH. 

B.2.3.3 Study population & setting 

The choice of study population to which a DiPH intervention is offered typically has various 

effects on effectiveness and cost-effectiveness. Thus, CHEERS requires detailed description of 

the characteristics of the study population (item #5). Particularly for preventive public health 

interventions, the target population can be heterogeneous (29). Therefore, besides the study 

population, relevant subgroups should be identified. CHEERS also requires the provision of 

contextual information on setting and location that may impact on the results (item #6 in: 30). 

The selection of study population and subgroups always depends on the decision problem and 

other parameters (e.g., setting and location). It should be noted that the study population does 

not always correspond to the target population. For example, a weight-loss app may be 

considered very effective based on study results obtained from its use with obese individuals, 

but this result may not be transferable to the general population. This difference in effects may 

relate to not only absolute effects (e.g., if a cardiovascular drug prevents more myocardial 

infarctions in high-risk than low-risk patients) but also relative effects like risk reduction if 

perception, understanding, and reaction to the digital stimulus differ across subgroups (e.g., if 

diagnosed patients feel more affected by their disease than do undiagnosed persons and thus 

are more adherent to prevention (16)). Unlike specific clinical interventions like bowel cancer 
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screening, DiPH interventions like smartphone apps are available to all. For a smartphone app 

aiming to help the user lose weight (and reduce their risk of chronic diseases), the effect could 

be higher in a group of obese or overweight persons. Additionally, the use of a DiPH 

intervention may mutually complement another treatment – for example, if a physician gives a 

diabetes patient detailed instructions on how to use a nutrition app, whereas an individual user 

in the general population lacks access to this information. 

B.2.3.4 Comparators 

CHEERS item #7 (“Comparator”) requires a study to cautiously report the interventions or 

strategies being compared (21). Given the complexity of digital technologies, it is not easy to 

describe a DiPH intervention in a standardized manner. Different frameworks offer guidance 

on effectively describing an intervention or comparator. 

For example, for the Template for the Intervention Description and Replication (TIDieR), a 

specific variant was developed to improve the reporting of research and ultimately maximize 

the potential for reproducing and implementing telehealth interventions (TiDieR-telehealth) 

(31). TIDieR-telehealth requires reporting of the intervention name, rationale, used materials 

(e.g., software), procedures (e.g., remote delivery), intervention provider, type of location, 

number of times the intervention was delivered and over what period, details of any 

personalization or modification, and various other details. 

While TIDieR-telehealth is a generic framework for telehealth interventions only, the mERA 

checklist (32) provides reporting guidance for mHealth interventions that could be adapted to 

describe digital aspects of the intervention and comparator in more detail. For example, mERA 

distinguishes between intervention delivery (e.g., SMS or face-to-face) and intervention 

content. Further, it requires the reporting of available infrastructure (electricity or connectivity), 

technology platform (soft- and hardware), and interoperability (integration with existing health 
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information systems). These technical aspects could be further investigated in environmental 

analyses by considering how much additional resources are necessary to implement the 

evaluated intervention. 

One further framework is CONSORT-EHEALTH, a list of items for reporting web-based and 

mobile health interventions (33). It was developed specifically for use in publishing RCTs and 

contains 17 subitems deemed essential and 35 subitems deemed highly recommended. 

Especially in DiPH, with countless apps available, these frameworks for describing an 

intervention can increase reproducibility.  

While several frameworks are available to support detailed description of interventions, there 

remains the question of what constitutes the DiPH intervention’s comparator. For non-digital 

public health interventions, examples of comparators are no program, standard care, or best 

alternative therapy (29). Kolasa et al. (34) recommend that the value of a digital intervention 

should be expressed in comparison to the current standard of care. However, any comparator 

group is exposed to the multitude of other available digital interventions, making it unclear 

what constitutes “digital standard care” or “best alternative therapy”. In particular, if a 

smartphone app intervention is compared to business-as-usual, various other apps are 

potentially freely available. The difference in effect between doing nothing and the intervention 

might be much larger than that between the intervention and business-as-usual. Also, clinical-

trial participants in the “business-as-usual” group can access numerous other digital 

interventions (35). Therefore, the comparator choice may need to be specific to digital 

interventions. 

Gomes, Murray (36) propose considering “digital and non-digital comparators and whether 

DHI replaces or complements existing technology” (36). “For mHealth solutions without a 

comparator, a model-based full economic evaluation may be possible, drawing on primary data 

on the program’s implementation costs” (37). Moreover, Gomes, Murray (36) propose a 
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comparator for interventions of an area where other digital interventions are implemented and 

dominate digital care. First, the intervention could be compared to an alternative way of 

implementing the same DHI (36). For example, Jones (38), Mizdrak (39) and Cleghorn (40) 

conduct model-based economic evaluations and evaluate the promotion of various existing 

apps. Second, the intervention could be compared to a competing DiPH (36). For weight-loss 

interventions, many manufacturers of wearables or apps offer a similar function, so economic 

evaluation could compare against competing alternatives. Third, an appropriate comparator 

might be an “existing technology that the DHI is replacing” (36). For instance, a physical-

activity and weight-loss intervention may involve a new sensor that gives feedback on user 

behavior by measuring the pulse, replacing generic feedback. 

However, given the rapidity of technological development, effectiveness data may be lacking 

for some comparators. Therefore, model-based economic evaluation may need to use a 

comparator with the best available evidence, rather than the most appropriate comparator. 

Also, the distinction between digital and non-digital comparators can also pose difficulties, as 

the digital aspects can only be considered as one part of the intervention. This is also illustrated 

by the fact that McNamee, Murray (41) related digital interventions to the concept of complex 

interventions. Finally, there are various intermediate stages en route to a full digital 

intervention. 

B.2.3.5 Perspective 

CHEERS item #8 requires that the perspective is stated, i.e., the viewpoint from which the 

analysis is conducted. This viewpoint is the basis for determining which costs and benefits 

should be included (29). 

As indicated in Chapters Framework (Domain “Costs and Economics”) and Evaluation (Section 

“Evaluation of cost-effectiveness”) in this handbook, stating the perspective is more complex 
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for DiPH than for standard healthcare interventions. Suppose one wants to evaluate a new 

device tracking physical activity which is intended to improve the user’s pleasure and 

performance when engaging in physical exercise like running, with the ultimate aims of 

improving their health status and lowering their risk of diabetes, stroke, and cardiovascular 

diseases. For evaluating a medical intervention like a new cancer drug, it is straightforward to 

adopt a healthcare payer perspective. However, various perspectives may be relevant for 

(preventive) DiPH interventions: 

• First, a private individual perspective might be appropriate because DiPH interventions 

(e.g., apps promoting physical activity) are frequently offered to individuals for free or 

devices (e.g., activity trackers) are frequently acquired by individuals based on their 

preferences. Therefore, evaluations could plausibly include costs to private budgets and 

benefits of satisfying individual preferences. 

• Second, DiPH interventions (sometimes even the same ones offered to private 

customers) may be covered by healthcare payers. In this case, a payer perspective would 

likely to be considered appropriate, focused on health benefits and healthcare costs.  

• Third, DiPH interventions may also be covered by other public payers like federal, state, 

or local governments as part of a digitalization strategy. In such cases, measuring both 

costs and benefits in monetary units might frequently be most appropriate to enable 

cost-effectiveness comparison against very different alternative uses of scarce public 

budgets beyond the health system. 

• Fourth, DiPH interventions may also be funded by companies for their employees. In 

such cases, economic evaluation will likely to be conducted in terms of return on 

investment from a company perspective. 

Formal health economic evaluations are generally conducted by healthcare and public health 

payers. Consequently, health outcomes are likely to be a key focus when evaluating DiPH 
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interventions. Nevertheless, it appears important not to restrict the cost perspective to the 

narrow health(care) payer perspective but to incorporate a societal viewpoint. One reason is 

that a societal perspective has been recommended specifically for preventive interventions (29), 

which is an important aspect of our concept of DiPH. There have also been calls to include a 

societal perspective in digital health frameworks so as to account for costs outside the healthcare 

sector (36). Especially for preventive DiPH interventions, spillover effects within households 

(particularly behavioral changes) could be better captured through a societal perspective (41), 

as could productivity losses (see e.g. 42, 43). 

Increasingly visible ecological scarcities, such as the limited capacity of the atmosphere to 

absorb CO2, may necessitate further broadening the perspective of the evaluation to include 

environmental issues. One increasingly important concept that aims to bridge health and 

environmental considerations is “planetary health,” summarized by (44) as “the health of 

human civilisation and the state of the natural systems on which it depends.” Taking a planetary 

rather than a societal perspective in evaluating a DiPH intervention (e.g., a new fitness tracker) 

would thus involve a) including its environmental impacts as intermediate endpoints in the 

estimation of intervention effects; or b) including its impacts on environmental scarcity in the 

assessment of resources, potentially as external or intangible costs. 

B.2.3.6 Time horizon 

CHEERS item #9 requires the study’s time horizon to be stated and justified. A distinction 

needs to be made between the time horizon of the intervention, that of effectiveness studies, 

and the analytical time horizon. For example, a digital weight-loss intervention with a duration 

of three months could be assessed in a follow-up study that estimates the effects after one year. 

This follow-up may conclude that the digital intervention decreases the risk of developing 

diabetes or heart disease, which are potentially long-term chronic diseases. Therefore, even if 
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the intervention lasted only a few months, it seems reasonable to choose a broader analytical 

time horizon. 

Particularly for preventive interventions, a lifelong time horizon typically appears ideal because 

present costs and future benefits are involved (45). If the chosen time horizon were too short, 

the results would be distorted by missing not only relevant effects but also, especially for DiPH, 

the expected costs to maintain an intervention. For example, a digital food diary needs updates 

to remain functional as operating systems change on the used device. 

This call for long time horizons contrasts with the short technology cycles of DiPH 

interventions. Rapid technological progress constantly renews the ways interventions are 

offered. For example, while web-based applications were more common a few years ago, they 

have now been largely replaced by smartphone applications. Individuals get used to digital 

devices, so constant innovation may even be required for a digital prevention program to 

maintain users’ adherence. Given the rapid technological development of DiPH interventions, 

there is a lack of data for respective technologies over longer time periods. Consequently, it is 

unclear how long-term adherence and effectiveness can be achieved and should be modeled in 

economic evaluation. It is likely that assumptions must be made that need validation or testing 

in sensitivity analyses (16). 

B.2.3.7. Discount rate 

Related to the choice of time horizon, CHEERS item #10 requires reporting of the discount 

rate, relevant only for time horizons longer than one year. 

The concept of time preference describes the extent to which an equal amount of benefit is 

valued higher in the present than in the future. It is typically assumed that individuals prefer 

health benefits received today over future health benefits (29). Consequently, economic 

evaluation discounts interventions’ costs and benefits. Given that the effects of preventive 
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public health interventions potentially occur over a long time horizon, the choice of discount 

rate can be expected to have a large impact as higher discount rates diminish future costs and 

effects in the cost-effectiveness estimate (45). 

However, the last few years have seen particularly rapid technological development in sensors, 

smartphones, and other tech through which digital health services are delivered. This leads to a 

conundrum: While time preference suggests that an investment should be made now rather than 

in the future, technology dynamics suggest that the same amount (in real terms) would generate 

significantly more effects if invested in the future rather than now. There may, thus, be a trade-

off between accounting for time preference and accounting for rapid technological change. 

B.2.3.8. Selection, measurement, and valuation of outcomes 

CHEERS items #10, #11, and #12 respectively require description of which outcomes are used, 

how they are used and how there are valued. Depending on the intervention purpose, various 

outcomes could be considered. As pointed out in the section on perspective (see Section 2.5), 

relevant outcomes can include what individuals value for whatever reason, standard health 

outcomes used in health economic evaluation, or outcomes that matter to other payers, such as 

workplace health effects for employers. 

Even within health systems, DiPH interventions may be used for various purposes. The NICE 

Evidence Standards Framework for digital health and care technologies (46) contains 10 

functional categories on three levels (tier A: System impact; tier B: Understanding and 

communicating; and tier C: Interventions). These categories describe the purposes of digital 

health technologies most frequently funded by the health system. Many are also relevant for 

DiPH as conceptualized in this chapter – e.g., in tier A, system services like the COVID-19 

warning app for preventive behavior; in tier B, health diaries using fitness wearables for general 

health monitoring; or in tier C, preventive behavior change. Following the framework, each tier 
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is associated with specific evidence standards, with higher evidence requirements for tier C. 

For digital health technologies in tier C, only those in the functional categories of treatment, 

active monitoring, calculating, or diagnosing require evidence of effectiveness from RCTs with 

clinical outcomes. The effectiveness of preventive-behavior or self-management interventions 

should be established by experimental or quasi-experimental comparative studies, preferably 

with patient-reported or other relevant outcomes using validated tools but possibly also with 

outcomes like physiological measures, user satisfaction and engagement, or care process 

indicators like admissions and appointments. For other functions, the framework requires 

evidence of aspects like user acceptability or credibility with health and social care 

professionals, without the need to conduct RCTs (46). 

For economic analysis, NICE recommends cost–utility analysis following the institute’s 

standard methodology. If the benefit cannot be estimated in terms of QALYs, cost–consequence 

analysis is recommended, also following NICE standards. In addition, budget impact analysis 

is recommended (46). 

There are a number of value-assessment guidelines for digital health interventions; they 

typically incorporate different aspects like organizational impact, data security, or technical 

considerations (34). NICE recommends aggregating all relevant outcomes in terms of QALYs, 

or reporting them in a disaggregated manner in a cost–consequences analysis. By contrast, 

Kolasa et al. (34) recommend establishing a multi-criteria score representing the clinical, 

organizational, behavioral, and technical performance of a digital health solution in the context 

of its implementation (47). 

Given the requirement of EPHO 8 to account for ecological sustainability, environmental 

effects could be integrated into the outcomes when economically evaluating DiPH 

interventions, either by listing them among the effects in cost–consequences analysis or by 

integrating them into some new multi-attribute value or utility score. However, because EPHO 
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8 requires minimizing environmental impacts, it might be more straightforward to integrate 

them among the costs. This approach would recognize that the environment represents scarce 

ecological resources used for providing the benefits of DiPH. The next section elaborates 

further. 

B.2.3.9. Resources and costs 

CHEERS item #14 (“Measurement and valuation of resources and costs”) requires the 

description of how costs were valued. Relatedly, item #15 stipulates that the currency, price 

date, and conversion method should be reported. 

Besides the typical categories of costs and cost savings of public health programs (29), which 

can be cross-sectoral (20), various other types of costs might need to be considered in the 

economic evaluation of DiPH interventions. These costs can broadly be structured by whether 

they accrue for intervention content or delivery, and whether they accrue before or during and 

after the intervention (see Figure 5). 
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Figure 5: Potentially relevant costs specific for DiPH interventions 

 

One cost feature of DiPH interventions is the need for frequent updates, whether to adapt design 

and manageability, maintain compatibility with operating systems, or implement new features 

(36). As McNamee, Murray (41) point out, digital interventions that are not updated cease to 

function.  

As Following Gomes,  and Murray (36) point out, digital interventions are also characterized 

by high fixed and low variable costs because the incremental costs for additional users are close 

to zero. Consequently, studies with small sample sizes would result in overestimation of mean 

costs per user (36). A counter-balancing assumption is that DiPH interventions are typically 

more effective if recipients receive human support to ensure they apply the digital technology 
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as intended (36, 48). Any associated personnel costs need to be taken into account. However, 

this needs to be seen in the context of the rapid technological change. Digital interventions have 

already evolved from mere advice on websites to individualized feedback using sensors. The 

fast pace of technological change and the time required to evaluate health services in general 

may result in studies being outdated and effectiveness underestimated, and new technologies 

may successfully substitute for human input. 

The mERA checklist (32) includes various single components that can play a role in digital 

interventions. For example, if interoperability is emphasized, additional costs may be incurred 

and additional standards may need to be set by health legislation. Also, data security may have 

a high impact on costs. These and other requirements such as ethical concerns should be 

considered to investigate whether meeting them impacts on the costs of DiPH interventions. 

As pointed out above, DiPH interventions consumer not only scarce financial resources of 

health systems but also scarce natural resources like the planetary capacity to absorb greenhouse 

gas (GHG) emissions. There are different methodological links between cost analysis in health 

economic evaluation and environmental assessment. The need to report quantities and prices of 

resources separately was more prominent in early guidelines for reporting economic evaluations 

(49) but is still required by CHEERS (30, 50). If all resources used are transparently listed and 

quantified in both physical units and prices, this provides a highly valuable starting point for 

LCAs. In particular, lists by cost type (e.g., server infrastructure or electrical energy) can easily 

be translated into lists of respective environmental impacts if the costs can be linked to industry 

sectors for which cost-based emission factors are available from EEIO-LCA databases (for an 

example of carbon footprint in hospital care, see: 25). 

Where environmental impacts are not adequately priced (which can be assumed as typical), 

they constitute external costs that ought to be included in the analysis from a planetary cost 

perspective. However, further specification is needed on which environmental impacts should 
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be included and whether and how they should be aggregated, converted into monetary terms, 

and reported. Until such guidance is issued on health economic evaluation in general or for 

DiPH in particular, one approach could be to select some core impacts, such as GHG emissions, 

and list them in a disaggregated manner in addition to the intervention’s monetary costs. 

B.2.3.10. Model, analytics, heterogeneity, and uncertainty 

For model-based economic evaluations, CHEERS item #16 requires the report to describe 

which model is used. This is supplemented by item #17, which requires description of all 

methods for analyzing, transforming, extrapolating, and validating the model. CHEERS item 

#18 additionally requires transparency on the methods used to analyze differences between 

subgroups, while item #20 calls for transparency on any sources of uncertainty. 

For evaluating DiPH interventions, model-based economic evaluation and, consequently, 

CHEERS item #16 appear particularly relevant, because modeling does have advantages (51) 

which are applicable to DiPH. First, decision-analytic modeling allows estimation of long-term 

effects and cost-effectiveness, which would otherwise only be possible through costly long-

term studies unlikely to be financially feasible for digital technology manufacturers (in contrast 

to pharmaceutical companies). Second, model-based analyses can more easily integrate 

different types of data such as effectiveness data from n=1 trials and other new trial designs 

unsuitable for the cost questionnaires used in standard RCTs. Third, modeling studies make it 

easier to account for technology dynamics by integrating data on the most recent versions of 

DiPH interventions or modeling respective scenarios (given that, after a long-time study, the 

DiPH technology used is very likely to be outdated already). 

Model-based economic evaluations of DiPH interventions must also cope with particularly high 

structural uncertainty, given that rapid development may change technologies and care patterns. 

It is also difficult to account for parameter uncertainty: DiPH studies may in fact assess quite 
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different interventions, so pooled estimates may be misleading because variance is due to 

technological differences, not uncertainty of outcomes. Therefore, there is a particular need for 

transparency about the modeling methods; ideally, open source models are required to allow 

early estimation of the cost-effectiveness of new DiPH interventions. 

Another important question is at what stage a model-based economic evaluation is appropriate. 

The literature suggests that the appropriate evaluation method depends on the maturity of a 

health intervention: in earlier stages, feasibility, usability, and efficacy are most relevant; in 

intermediate maturity effectiveness; and when scaling, cost-effectiveness and implementation 

research is needed to assess the extent to which an intervention can be sustainably integrated 

into a given context, including policies and practices (32). 

As for other highly dynamic technologies for which cost-effectiveness cannot be easily 

estimated before market entry, new forms of coverage with evidence development and evidence 

generation alongside use in public health practice (52, 53) could be important complements to 

decision-analytic modeling of DiPH. This is because model-based estimates of cost-

effectiveness need validation to ensure the efficient use of scarce resources funding a DiPH 

intervention, in comparison to other available digital and analog public health interventions. 

As individualized interventions are possible in DiPH, the role of heterogeneity and the need to 

establish evidence about ever smaller subgroups assume high importance (theoretically up to 

an n=1 level of heterogeneity). However, this area needs further research. 

B.2.3.11. Distributional effects and stakeholder engagement 

CHEERS item #19 requires description of the distribution of impacts across different 

individuals or how priority populations are accounted for, and so is especially important for 

evaluating DiPH interventions. These considerations may also bear on CHEERS item #21, 
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which requires transparency about the involvement in study design of patients or any other 

affected stakeholders. 

Generally for prevention interventions, the determinants of health and disease are especially 

important, as addressing them may be necessary to prevent ill health. As far as these 

determinants are distributed unequally across socioeconomic groups (and thus a matter of 

chance, not individual choice), resulting health inequalities give rise to equity concerns that 

ought to be accounted for in the design and (economic) evaluation of DiPH interventions. 

A widely used framework for understanding determinants of health and health inequalities is 

the socioecological “rainbow” model. In this model, Dahlgren et a. (54) organize these 

determinants on five hierarchical levels: a) general socioeconomic, cultural, and environmental 

conditions; b) living and working conditions; c) social and community networks; d) individual 

lifestyle factors; and e) the individual-level stable characteristics like age and sex (54: 20). 

In the economic evaluation of DiPH interventions, it is important to consider that these five 

layers are permeated by digital technologies and that health inequalities increasingly depend on 

digital determinants (55). Generally, the probability of individuals adhering to behavioral 

advice in prevention or screening programs strongly influences a program’s effectiveness and 

cost-effectiveness (for an example of secondary prevention, see: 56, 57). When assessing DiPH 

interventions, it should be considered that factors like adherence can be influenced by relevant 

developments on these five layers. For example, inequalities in the sustained use of a wearable 

device and smartphone app to promote physical activity can be influenced by lower internet 

bandwidth in deprived areas (living and working conditions level), differential exposure to 

online misinformation (social and community networks level), or unequal distribution of 

digitally mediated sedentary behavior (individual lifestyle factors level) (see: 55, Fig. 1). 



110 

 

There are different methodological approaches to incorporate equity concerns into health 

economic evaluation (58). In circumstances as complex as described in the previous paragraph, 

equity impact analysis may be particularly relevant as it allows assessing costs and effects using 

equity-relevant variables – e.g., by assessing the additional costs and effects of providing some 

digital infrastructure or device not typically available in a deprived group to equalize adherence 

to the digital intervention. 

The move to involve patients, the public, and other stakeholders in designing economic 

evaluations is still in its infancy but represents a potentially important step toward enhancing 

the quality and acceptance of health economic research (50). Particularly for evaluating DiPH 

interventions, the need to appropriately account for the complexity of distributional effects may 

justify exploring new ways of involving relevant stakeholder groups in evaluation design. 

B.2.3.12. Results & discussion 

Under the heading “Results,” CHEERS items #22–25 require the presentation of information 

on all analytical input parameters, a summary of key results (such as the uncertainty of 

analytical values, discount rate, or time horizon), and details of the effect of engagement with 

patients or stakeholders. Here, the same points to consider for the economic evaluation of DiPH 

interventions apply as those discussed in the sections above. 

Next, item #26 (“Discussion”) requires critical assessment of the limitations, any ethical or 

equity considerations not captured, and what effects these may have on patients, policy, or 

practice. Given the points to consider presented above, limitations are likely an important aspect 

of the economic evaluation of DiPH interventions. Even with the ambition to provide 

comprehensive analysis, it is unlikely that every type of cost or outcome can be captured: there 

may be limited available data on all nuances of costs and benefits, or insufficient room to 
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address all possible sources of equity concerns. It may be neither possible nor necessary to 

incorporate all relevant aspects in the estimation of average costs per health outcome. 

Finally, items #27 and #28 respectively require the reporting of funding sources and conflicts 

of interest (30). As for other (public) health interventions, sufficient public funding must be 

allocated to evaluation to ensure unbiased estimates of the relative merits of different DiPH 

options currently available to health systems. 

B.2.3.13. Adopting a planetary perspective 

While CHEERS provides valuable guidelines on points to consider in the economic evaluation 

of DiPH interventions, it naturally omits reporting items not yet standard in health economic 

evaluations – in particular, the planetary perspective. 

Properly reporting results from process-based or EEIO-LCAs requires more than merely 

presenting emission factors for cost types and the results of multiplying them with cost values. 

LCA should be explicit about reasons for excluding certain processes from the analysis (e.g., 

the negligible additional energy consumption of a smartphone during use in a DiPH 

intervention); the temporal, geographical, and technological representativeness of data used in 

the analysis (e.g., assessing whether the GHG emission factors assumed for electrical energy 

consumption correspond with the energy mix in the intervention region); or ideally report 

environmental impacts per life-cycle phase (e.g., to estimate what proportions of GHG 

emissions arise during the program itself, the production phase of its components such as 

activity trackers, or the phase of their disposal) (9, 59). No guidance currently exists on which 

of these LCA items can appropriately be identified alongside CHEERS items and which may 

need to be reported separately to provide a transparent assessment from a planetary benefits or 

costs perspective. Further research is necessary to fill this research gap. 
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B.2.4. Conclusion 

DiPH is a field characterized by highly dynamic technologies. While web-based and browser-

based applications were once considered innovative, DiPH interventions today entail 

smartphone applications, wearables, and mobile devices. Therefore, economic evaluations have 

to cope with the fact that available effectiveness studies frequently incorporate yesterday’s 

technologies. 

Perspective appears particularly important in the economic evaluation of DiPH interventions, 

which can incur private benefits, health effects relevant to healthcare and public health payers, 

or effects relevant to companies. Which costs and benefits are relevant, and consequently which 

evaluation method is most appropriate, needs to be determined more explicitly than is 

necessary, for example, in the economic evaluation of pharmaceuticals. 

Specific issues in the cost assessment of DiPH interventions include the need for continuous 

updates to maintain compatibility with computer or smartphone operating systems. Economic 

evaluation might consider update costs and the restricted time horizon of intervention effects. 

Another key issue is that high fixed costs may be incurred during development, particularly for 

software-based interventions, but the incremental costs of including additional users are close 

to zero. 

In the face of climate change, how might economic evaluations of DiPH interventions account 

for the planetary boundaries of ecologically sustainable public health? Besides drawing on 

standard methods to list a number of points to consider in evaluating DiPH interventions, this 

chapter offers first thoughts on how to incorporate a planetary perspective. 
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