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Never give up on a dream just because of the time it will take to accomplish it.  
The time will pass anyway.  

 
 
– Earl Nightingale – 
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Abstract 

Mental disorders have been on the rise for decades. Today they have become a major 

global public health issue. Economic costs like direct costs for e.g., medication or physician visits 

and indirect costs such as productivity losses due to work absence are enormous. Even highly 

developed healthcare systems are struggling with a tremendous treatment gap leading to the 

majority of people in need remaining untreated. Internet and mobile-based interventions 

(IMIs) offer low-threshold treatments of mental disorders that overcome existing treatment 

barriers. Evidence for such treatments’ efficacy is increasing. Yet, for pure self-help interven-

tions and under-researched disorders, cost-effectiveness evaluations are scarce. This thesis 

aims to provide further insight into the effects and costs associated with IMIs, particularly via 

a study of (1) the efficacy and cost-effectiveness of an unguided IMI for social anxiety disorder 

(SAD) in students, a study of (2) the cost-effectiveness of an internet-based stress-management 

intervention (iSMI) in employees, and a study of the (3) cost-effectiveness across mental disor-

ders with different guidance, cost perspectives and health economic evaluations.  

Study One evaluates an unguided self-help intervention targeting SAD in students com-

pared to a waitlist control group (WLC). The rationale, design, outcomes, and methods used 

are described in a study protocol (Article 1). The treatment efficacy based on primary outcomes 

for SAD, secondary outcomes (e.g., depression, anxiety), and adverse effects are reported in 

Article 2. Finally, Article 3 presents the long-term efficacy and cost-effectiveness of the IMI 

from a healthcare and a societal perspective. 

Study Two analyzes the cost-effectiveness of an occupational iSMI for workplace em-

ployees with elevated stress levels compared to a WLC from an employer’s (Article 4) and a 

societal perspective (Article 5).  

Study Three is a systematic review of literature on the cost-effectiveness of IMIs for the 

prevention and treatment of common mental health problems (Article 6). In total, 35 random-

ized controlled trials were identified for various mental disorders. Most studies (n=21) were 

conducted from the societal perspective.  

Overall, the studies in this thesis provide evidence that (1), pure self-help interventions 

for students SAD are both highly efficacious and cost-effective at post assessment and 6-month 

follow-up (FU), (2) an iSMI for employees shows a high probability of cost-effectiveness for 

employer’s and societal perspective at 6 months FU, and (3) guided internet-based interven-

tions targeting depression and anxiety disorders are cost-effective when compared to various 

control conditions. More evidence on cost-effectiveness in needed, including longer time hori-

zons, under-researched disorders, and self-help (preventive) interventions. 



 

1 

 

1. General Introduction 

“Good mental health and well-being are essential for all of us to lead fulfilling lives, to 

realize our full potential, to participate productively in our communities, and to demonstrate 

resilience in the face of stress and adversity1.” In 2021 the World Health Organization (WHO) 

updated its comprehensive Mental Health Action Plan through the year 2030, focusing on the 

promotion of mental health and well-being and the prevention of mental disorders over the 

life-course, and offering universal coverage of mental health services around the globe. This 

action plan is founded upon the high prevalence and incidence of mental disorders, excessive 

barriers to healthcare utilization, and the enormous costs of mental disorders associated with 

disability that together lead to a high global burden of mental disorders and symptoms. 

1.1. The (economic) burden of mental disorders and symptoms 

Mental disorders are frequent and persistent and are a concern to the global public 

mental health. Worldwide, mental disorders have been highly prevalent over the past three 

decades and thus are the premier public health challenge of the 21st century2. They, alongside 

other non-communicable diseases, are a growing threat to the individual, the society, and the 

healthcare system(s). Thus, mental illness is seen as the leading cause of disability in many 

Western countries.  

Mental and addictive disorders account for 7% of the global burden of disease meas-

ured in DALYS (disability-adjusted life-years) and engender 19% of all years lived with disability. 

In 2016, almost one in every six people on the planet was affected (16.6%, 1 billion people) by 

mental and addictive disorders3. The 2019 Global Burden of Disease Study compared the prev-

alence of the 12 most common mental disorders from 1990 to 2019 and showed that mental 

disorders remain one of the leading causes of burden across the world2. Western Europe has a 

higher prevalence of mental disorders compared with other regions, with anxiety and depres-

sive disorders accounting for more than 60% (9,477 persons) of age-standardized prevalence 

per 100 000 persons. 

Over the span of one year, about one out of ten (10.4%) individuals will suffer from 

depression4, whereby more than one out of five (22.2%) will be directly affected by an anxiety 

disorder with specific phobias (12.1%) and social phobia (7.1%) exhibiting the highest preva-

lences5. Over the course of an individual’s life this prevalence increases, doubling to one out of 
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every five (20.6%) individuals experiencing depression at least once, whereby one third of in-

dividuals (33.7%, including SAD: 13%, specific phobia: 13.8%) are directly affected by an anxiety 

disorder4,5.  

Mental disorders are not only associated with a high disease burden but also with a 

high degree of suffering for those affected resulting in a low quality of life6 and increased risk 

of mortality7. Mental disorders are risk factors for the development of other psychological dis-

orders. This risk of comorbidity is particularly high for linked mental disorder types and stays 

elevated for at least 15 years after onset8. Physical conditions such as cardiovascular disease, 

hypertension, diabetes mellitus, metabolic disorders and respiratory disorders also seem to be 

associated with mental disorders9. The characteristics of this relationship is still unclear. It is 

assumed that lifestyle factors and inadequate treatment play a crucial role. As an example, risk 

for depression is greater in people with diabetes and vice versa. This relationship is complex 

and may be explained through the combination of various biological mechanisms. Known risk 

factors for both disorders are low birth weight, lifestyle, obesity, and adverse childhood 

events10.  

The prevalence and incidence of mental disorders are also influenced by other public 

health emergencies. The COVID-19 (Coronavirus Disease 2019) pandemic negatively influenced 

determinants of mental health on the individual, social, and societal level. As an example, lock-

downs in response to the public health emergency strained living circumstances, interpersonal 

relationships, and the social support system. Globally, infection rates and mobility restrictions 

correlated to an elevated prevalence of major depressive and anxiety disorders. In total, more 

females than males and younger than older age groups were affected, leading to an increased 

number of major depressive disorder (MDD, 27.6%) and anxiety disorder (25.6%) diagnoses11. 

A high prevalence of stress (29.6%), anxiety (31.9%) and depression (33.7%) was observed in 

the general population12. In particular, people with low socio-economic status and higher count 

of stressors showed a greater risk for depressive symptoms13. Nevertheless, a meta-analysis of 

longitudinal studies revealed that the symptom increase after the initial COVID-19 outbreak 

declined to a pre-pandemic level within a couple of months14. This can be explained by negative 

life events being followed by resilience or recovery for most people15.  

Mental disorders are widespread and associated with tremendous economic costs to 

the individual and to society. Employees suffering from mental disorders often feel sick and 

thus are less efficient at (presenteeism) or more frequently absent from work (absenteeism). 

This limited ability to participate in the labor market can result in the reduction or loss of in-

come and early retirement16. Therefore, general workforce productivity losses and reduced 
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income taxes as well as direct treatment costs of mental disorders lead to substantial national 

and societal costs16.  

The human capital approach is commonly applied to calculate the economic costs of 

mental disorders, differentiating between direct and indirect costs. The “visible” direct costs 

refer to services in healthcare systems, such as diagnosis, treatment, and care, including med-

ical costs (e.g., medication, physician contacts, hospitalization), and non-medical costs (e.g., 

transportation). The “invisible” indirect costs refer to productivity and income losses due to 

disability or premature death17. Intangible costs are neither quantified in monetary terms nor 

captured by the human capital approach. These include pain and suffering resulting from neg-

ative mood, a patient’s stress concerning the inability to pay for healthcare services, or the 

patient’s family’s stress resulting from e.g. communication disabilities due to the disease18.  

In the European Union costs attributable to mental disorders, tallying €798 billion in 

2010, are expected to double by 203019. The World Economic Forum expects global costs asso-

ciated with mental disorders to likewise more than double—from US$2.5 trillion to US$6 tril-

lion—in the same time span due to an increased demand of services and associated treatment 

costs20. Of these costs, indirect costs are predicted to be twice as high as direct medical cost 

related to service use. Ergo, mental disorders cause comparatively lower direct costs to the 

healthcare system when juxtaposed with the high indirect costs associated with productivity 

losses and reduced economic growth. This is particularly true for mental disorders in contrast 

to other disease groups and a reason for why they account for more costs than somatic disor-

ders. Their costs are expected to increase in the next 15 years under the assumption that more 

comprehensive analytic approaches for cost estimation will be deployed17.  

The implementation of evidence-based and cost-effective treatments as well as pre-

ventive strategies can reduce costs. Scaling up treatment coverage could have a positive effect 

on health, economic and social aspects21. Positive health effects occur when treatment effects 

lead to recovery or remission, hence more healthy life-years lived. Economic effects manifest 

as a result of decreased healthcare costs due to the successful treatment of mental disorders 

or the restored ability to participate in the labour market. Social effects refer to individuals or 

households that can pursue their leisure activities and participate in communities again.  

The global return on investment of standard treatments of mental disorders over the 

period 2016 to 2030 has been estimated using a projected linear increase of treatment cover-

age under the assumption that standard treatment costs and effects lead to an increased 

productivity and ability to work. Thus, to adequately scale up an effective treatment coverage 

for depression and anxiety disorders, an estimated total of US$147 billion are needed21. This 
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investment would in turn lead to 43 million additional years of healthy life, representing a net 

present value of $310 billion21. Expanding treatment coverage can only partially close the glob-

ally observable treatment gap, as strong barriers to seeking help for those affected by mental 

disorders exist.  

1.2. The burden of social anxiety disorder 

The first study presented in this thesis sheds light on the efficacy and cost-effectiveness 

of a self-help intervention targeting social anxiety disorder (SAD) as an as an example for the 

potential of internet-based treatment of mental disorders. The following section presents the 

condition, its associated consequences, and its treatment options. SAD, also known as social 

phobia, is a prominent condition with a lifetime prevalence of 4% worldwide and 2.5% in Ger-

many. On average, close to 90% of those affected will experience the onset of the disorder by 

age of 2522. In Germany, a regional study on young adults aged 18 to 21 years revealed a life 

time prevalence of 8% (95% CI[6.0, 10.5])23.  

The current Diagnostic and Statistical Manual of Mental Disorders (DSM-5, fifth edition) 

describes SAD in adults as (1) fear of specific social settings (e.g., first date, oral presentation), 

(2) fear of social rejection or display of anxiety, (3) social interactions that trigger distress and 

are (4) avoided or reluctantly endured, and as (5) a fear that is disproportionate to the actual 

situation. All listed criteria must persist for six months or longer, cause personal distress and/or 

impaired functioning in one or more domains (e.g., interpersonal, occupational), and must not 

be attributable to other causes (e.g., medical disorders, another mental disorder)24. The etiol-

ogy of SAD is understood to be an interplay between individual (e.g., genetic, temperamental, 

cognitive, behavioral) and environmental factors (e.g., parental overcontrol, parental psycho-

pathology, adverse life events)25.  

Modifiable individual risk factors for the development of SAD are cannabis use, avoid-

ance behavior in social situation that are not dangerous, low social support, and dysfunctional 

attitudes26. Patients with SAD are also frequently affected by comorbidity leading to disease 

progression, elevated symptom severity, treatment resistance and reduced functioning27. 

Comorbidity such as major depression can complicate diagnosis and treatment. However, early 

treatment is necessary to prevent adverse consequences. SAD patients show at least one se-

vere role impairment related to the home, work, relationship, or social life domain22. The pres-

ence of SAD is associated with younger age, being unmarried, having lower education and in-

come. Both the absence of work and the reduced quantity, quality, and concentration at work 
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due to SAD lead to a high economic burden for society. Mental illnesses such as SAD are rated 

amongst the conditions with the highest annual costs based on daily estimated productivity 

losses, on par with chronic back pains and migraines28. The disease burden, costs, and role 

impairment highlight the need for an early and effective treatment of SAD. To date, there are 

several effective treatments available.  

First-line treatments include psychotherapy based on cognitive behavioral therapy 

(CBT) that are most effective in an individual or group setting that aims at providing behavioral 

and cognitive strategies to alter maladaptive cognitions and behaviors. Additional pharma-

cotherapy such as selective serotonin reuptake inhibitors (SSRI) and serotonin-norepinephrine 

reuptake inhibitors (SNRI) is recommended. Online psychotherapy, virtual reality exposure 

(VRE), and third wave approaches of CBT (e.g., mindfulness-based therapy) are seen as innova-

tive and useful treatment options29. According to a systematic review and network meta-anal-

ysis, psychological treatments vary in effect size d = -0.92 for group CBT, d = -1.19 for individual 

CBT, d = -0.86 for self-help with support, and d = -0.75 for self-help without support, when 

compared to a waitlist control condition (WLC). Compared to a placebo, only individual CBT (d 

= -0.56), and SSRIs and SNRIs (d = -0.44) showed greater effects30. Despite the existence of 

effective treatment options, patients with SAD are often reluctant to seek help in a face-to face 

(F2F) setting due to fear of stigmatization and shame. Additionally other barriers such as de-

layed treatment provision, a high distance to healthcare providers, and the lack of psychother-

apists inhibit treatment utilization31.  

1.3. The burden of chronic stress 

The second study presented in this thesis focuses on the cost-effectiveness of an inter-

net-based stress management intervention targeting elevated stress in employees—a form of 

preventive intervention. The following section illustrates the role of stress as a trigger and risk 

factor in the development of mental disorders. Most contemporary theories take an integrative 

biopsychosocial approach32 to mental disorders, describing them as an interweave of psycho-

logical, sociocultural and biological factors. These “risk” factors can elevate the risk of psycho-

logical problems. Biological (genetic disposition, brain anomalies), social (chronic stress, mala-

daptive upbringing) and psychological (poor skills, maladaptive cognitions) risk factors are seen 

as vulnerabilities or “diatheses”, that may not be sufficient to cause the development of severe 

psychological symptoms on their own33. These vulnerabilities, in combination with a trigger 

(e.g., stress) such as a change in hormone levels (biological), a traumatic life event 
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(sociocultural) or perceived loss of control (psychological) can lead to a mental disorder. This 

understanding of the development of a mental disorder is referred to as the Diathesis-Stress 

Model or Vulnerability-Stress Model. New research suggests an extension of the model by add-

ing coping factors as an additional dimension creating an extended Vulnerability-Stress-Coping 

Model of Mental Disorders34.  

In practice, research shows that stress affects both mental and physical health. Acute 

psychological stress evokes a fight-or-flight response. Systematic evidence shows that both 

high and low stress reactivity have an impact on long-term health and disease35. Exaggerated 

stress reactivity increases the risk for cardiovascular disease whereas blunted stress reactivity 

increases the risk for adiposity, obesity, elevated depression, anxiety and post-traumatic stress 

symptoms and musculoskeletal pain. Furthermore, long-lasting stress and chronic psychologi-

cal stress can lead to several psychological and physical impairments like depression36, sleep 

disorders37, or coronary heart disease38.  

Given the adverse effects of stress on health and its role in the etiology of mental dis-

orders, building better coping and stress management skills is beneficial and important for pro-

moting good mental health. Numerous stress models exist. These include more specific models, 

such as the effort-reward imbalance model39 or the job-demand control model40, as well as 

more generic models, such as Lazarus’s transactional model41. Treatment approaches are sim-

ilarly diverse, utilizing approaches such as mindfulness training, CBT, emotion regulation train-

ing and the development of problem-solving skills. Stress management interventions (SMI) fo-

cus on the individual through counselling or relaxation as opposed to changed working sched-

ules and conflict management offers on the organizational level. Individual-level interventions 

aim to prevent stress from occurring using three different types of interventions. Primary in-

terventions screen and select patients who might be susceptible to stress (e.g., medical exam-

ination). Secondary interventions aim to increase skills and abilities to manage stress and pro-

mote well-being (e.g., meditation, acceptance commitment therapy (ACT), mindfulness train-

ing, CBT). Tertiary interventions (e.g., counselling, disability management) focus on employees 

that experience chronic work ability impairing stress levels42. In Germany, multimodal stress 

management is the most common stress management concept, based on three core compe-

tencies. Instrumental competence helps to identify stressors. Mental competence creates pos-

itive attitudes and evaluations towards stress. Regenerative competence focuses on relaxing 

and recovering43.  

Small to moderate overall effects on mental health were already evident in a review of 

reviews conducted between 1990 and 2011 on SMIs at the workplace44. There exist various 
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intervention types such as cognitive-behavioral approaches, relaxation techniques, or multi-

modal and organization-focused interventions that target stress-related psychological prob-

lems, including job stress, burnout, mental fatigue, and adjustment disorder. Overall, evidence 

shows that CBT-based interventions are the most effective45. SMIs can be seen as preventive 

interventions whose application can help minimize the economic costs and psychosocial impact 

of elevated stress and its associated disorders. At the workplace, employers depend on their 

workforce’s health to maintain high productivity and monetary benefits. However, in other set-

tings, such as during early life or at the population level, the benefits of preventive interven-

tions are smaller, indirect, and often delayed, whilst costs are incurred upfront46. This is one of 

the factors that cause a substantial gap between those in need of help and those seeking help, 

engendering many individuals to seek initial treatment at later stages of their disease progres-

sion47.  

1.4. Treatment gaps in mental healthcare 

There exist many effective and evidence-based psychological and pharmacological 

treatments for mental disorders48–51. Nonetheless, most individuals suffering from one or more 

psychological disorders remain untreated. For example, treatment coverage across low, mid-

dle, and high-income counties ranges from 5% to 28% for anxiety disorders and depression21. 

In addition, health systems are commonly overburdened and unable to adequately deliver 

mental healthcare52, which is mostly explained by a shortage of qualified personnel (e.g., psy-

chotherapists, psychiatrists), poor accessibility of services, fragmentation of care, stigma-re-

lated barriers to seeking mental health care, and low treatment utilization. In Germany, only a 

small proportion of individuals diagnosed with a mental disorder (23.5% of women, 11.6% of 

men) reported any mental health service use over the past year53. The most common explana-

tion for this “treatment gap” is the existence of barriers to mental healthcare use. Structural 

barriers (e.g., waiting times, limited availability of services, affordability, long travel distances 

to services) are known to decrease service utilization. Especially critical are the attitudinal bar-

riers such as low perceived need, the wish to handle the problem on one’s own, and stigma, 

which also prevent people affected by mental disorders and symptoms to seek help54.  

The German mental healthcare system is characterized by fragmented services pro-

vided by hospitals, office-based psychiatrists or psychologists, and outpatient care, as well as 

non-medical vocational, residential, and psychosocial services that are reimbursed through 

health insurances providers or tax-funded social services. This can hamper the implementation 
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and integration of innovative treatment concepts, resulting in discontinuity and low quality of 

care as well as insufficient patient involvement55. The estimated delay between the onset of 

mental disorders in people neglecting services in their first year after onset of the disorder and 

treatment utilization amounts to 6 years for anxiety and 7 years for mood disorders in Ger-

many53. The latency between onset and treatment seeking amplifies the symptom severity and 

symptom chronification (i.e., the transition of symptoms from acute to chronic) and comorbid-

ity associated with increased risk of mortality56,57.  

Digital innovations delivered by tools of our daily life (e.g., laptops, smartphones, tab-

let) are one possible way to address the healthcare treatment gap. The COVID-19 pandemic 

further underpinned the need for innovative treatment models, readily accessible health inter-

ventions, and scaled up mental healthcare through a reduction of F2F treatments and an in-

crease of online and digital mental health services.  

 

1.5. Internet- and mobile-based interventions in mental health  

E-mental health is defined as “mental health services and information delivered or en-

hanced through the Internet and related technologies58.” Various terms referring to the appli-

cation and delivery of interventions via new technologies or the internet exist. The commonly 

used search engine for scientific databases “PubMed” incorporates “internet interventions” as 

a medical subject heading used to index articles on internet-based, web-based or online inter-

ventions. In the literature, various alternative terms and synonyms are used: digital mental 

health interventions59, computerized or internet-supported cognitive behavioral therapy 

(iCBT60), and online self-help programs61.  

In this thesis the term internet and mobile-based intervention (IMIs) is used to refer to 

interventions characterized by four main features: (1) theory base, (2) application area, (3) hu-

man support, (4) technical implementation. First, evidence-based psychotherapeutic models 

and techniques (cognitive behavioral techniques, CBT, psychodynamic and mindfulness-based 

approaches) are used for the development and implementation of IMIs. Second, the modes of 

delivery include mostly interactive self-help interventions but also virtual reality, serious 

games, avatars, chatbots, feedback and reinforcement as well as phones and wearables. Third, 

human support, described as “guidance”, is used to increase adherence to interventions but 

can be integrated to varying degrees. Communication between the therapist and patient takes 

place synchronously (video/chat) or asynchronously (e.g., via e-mail). Participants can often 

perform tasks and techniques independently, accompanied by regular feedback through 
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clinical psychologists, health professionals or trained lay health workers (“guided” self-help ap-

proaches). The degree of human support ranges from no guidance (“unguided” self-help IMI), 

to automated guidance, to support on demand (patient individually determines the level of 

support) or even intensive support (guided IMI). Adherence-focused guidance lowers attrition 

and increases engagement using different elements of support, e.g., email reminder or thera-

peutic feedback on request. Fourth, there are a variety of possible applications for IMIs includ-

ing the prevention, promotion, treatment, relapse prevention of mental disorders, or chronic 

disease management. They can be used as stand-alone approaches, blended concepts (a com-

bination of IMI and F2F treatments), stepped care (adjusting therapeutic support based on pre-

vious effects and patient characteristics), and specific treatment formats62.  

In short, IMIs represent a promising approach to extend the provision of evidence-

based psychotherapeutic interventions to the general population. They can overcome common 

barriers of treatment utilization, fulfilling the desire of some individuals to solve problems by 

themselves. Their main benefits include: (1) low threshold access, (2) independence of time 

and location, (3) adaptability to individual needs through treatment flexibility and integration 

into daily life, (4) scalability and (5) anonymity of self-help interventions, and (6) the potential 

to empower users and increase self-efficacy63.  

1.5.1 Efficacy of IMIs 

Over the last 20 years, evidence on the efficacy of IMIs for the prevention and treat-

ment of mental disorders based on randomized controlled trials (RCT) has increased greatly. A 

recent narrative umbrella review of meta-analyses reports moderate to large effects of inter-

net-delivered CBT on MDD, generalized anxiety disorder (GAD), panic disorder (PD), SAD, and 

post-traumatic stress disorder (PTSD) compared to studies on F2F treatments64. Other meta-

analytic evidence found similar moderate to large effect sizes for MDD (Hedge’s g = 0.64, 95% 

CI [0.51, 0.81]), PD (g = 1.31, 95% CI [0.85, 1.76]), SAD (g = 0.92, 95% CI [0.76, 1.08]), and GAD 

(g = 0.70, 95% CI [0.39, 1.01])65. However, effects diminished and could not be maintained after 

the follow-up (FU) period of 3 months or more65. Another study, this one only including guided 

IMIs, revealed a Hedge’s g of 1.52 across a variety of disorders over a two year or longer FU 

period. Thus, despite their high heterogeneity, guided IMIs are likely to have long-term ef-

fects66.  

One study presented in this thesis provide evidence on the efficacy of (unguided) IMIs 

targeting SAD. In 2016, shortly before I started to recruit students with SAD for our internet 
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and mobile-based self-help intervention, “StudiCare soziale Ängste”, a meta-analysis evaluat-

ing common technology-assisted psychological interventions in SAD was published67. These in-

terventions were based on the principle of CBT, VRE, and cognitive bias modification (CBM). 

Evidence for their efficacy was substantial for CBT, limited for CBM, and preliminary for VRE. 

CBT showed large (g = 0.84, 95% CI [0.72, 0.97]) and medium (g = 0.38, 95% CI [0.13, 0.62]) 

controlled effect sizes compared with passive and active control condition at post assessment 

respectively67.  

No or very limited evidence on long-term effects was shown due to the lack of available 

data. Consequently, comparisons of the intervention groups yielded small or non-significant 

effect sizes compared to active (greater than or equal to 6 months, g = 0.23, 95% CI [0.04, 0.43]) 

or passive controls (less than or equal to 5 months, not significant). The presence of human 

support also influenced intervention outcomes, whereby guided iCBT exhibited higher effect 

sizes (passive: g = 0.87, active: g = 0.47) than unguided iCBT (passive: g = 0.78, active: g = 0.19 

not significant). Eight studies compared unguided iCBT with passive controls with large differ-

ences in effect sizes (g = 0.28–1.47) and substantial drop-out rates68–75. FU data for active con-

trol conditions was limited and no FU data comparing unguided iCBT to passive control was 

available. This systematic review found a research gap regarding the (long-term) efficacy of 

unguided iCBT compared to passive control, and recommended future comparative efficacy 

and cost-effectiveness analyses (CEA) of guided versus unguided interventions. The study pop-

ulation of most studies was a general clinical population. However, we identified one iCBT with 

minimal guidance targeting students (N = 38) that showed large within group effect-sizes at 

post (d = 1.11–1.18) and FU (d = 0.93–1.47) assessments with and without in vivo group expo-

sure therapy76. No other study evaluated the cost-effectiveness or the effects of an unguided 

self-help intervention targeting students with SAD.  

The second study presented in this thesis provides evidence for the efficacy of a pre-

ventive internet-based stress management intervention targeting employees with elevated 

stress. In 2014, the American Psychological Association published Guidelines for the Prevention 

in Psychology acknowledging the effectiveness of preventive intervention on human function-

ing and the reduction of psychological distress77. Meta-analytic evidence supports the potential 

of IMIs in the prevention of mental disorders in generating small effects (SMD -0.35, 95% CI [-

0.57, -0.12]). However, these findings are limited due to the paucity of studies on incidence 

rates including clinical diagnostics78. Based on Gordon’s classification of disease prevention, 

prevention is categorized as being universal (targeting the entire population), selective (target-

ing subgroups of the population at risk for a disorder) or indicated (targeting individuals 
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showing early subclinical signs of a disorder)79. In the short term, IMIs based on universal, se-

lective, and indicated prevention of anxiety and depression yield small but positive effects on 

symptom reduction. A recent scoping review of mental health interventions in youth with sub-

clinical symptoms showed general effectiveness in reducing depressive symptoms, anxiety and 

stress, usability, and acceptability of online indicated preventive interventions80. The most ob-

served treatment approach was based on CBT (n = 12, Cohen’s d = 0.36–1.25), followed by CBT 

combined with other approaches (n = 5, d = -0.17–0.99) as well as ACT (n = 3, d = 0.62–0.78).  

A systematic review and meta-analysis on web- and computer-based interventions for 

stress showed a medium effect size (d = 0.43, 95% CI [0.31, 0.54]) and small significant effects 

on depression (d = 34) and anxiety (d = 0.32). Once again, guided IMIs were found to be more 

effective than their unguided (d = 0.33) counterparts. CBT (d = 0.40) and third wave CBT (d = 

0.53) showed small to moderate effects. Additionally, initial evidence has revealed long-term 

effects of stress-management interventions up to 6 months81.  

1.5.2 The cost-effectiveness of IMIs 

The benefits of an intervention, in addition to the array of benefits for health and well-

being, can also be assessed using economic metrics. For example, intervention costs are rele-

vant when deciding for or against the intervention’s application. Health economic evaluations 

assess economic aspects of an intervention. They are a multi-step process that relies on sys-

tematic considerations to make informed decisions on how to best allocate resources. First, a 

systematic analysis of available treatments (existing or usual care) must be conducted to assess 

whether or not to introduce or reject a new program. Second, a specific analytic perspective 

(e.g., patient, healthcare, societal) must be taken that includes different cost categories. Third, 

the quantification and comparison of inputs and outputs related to opportunity costs (i.e., re-

ferring to the possible gains of the next-best program that has been forgone by employing the 

resources for the first program) must be performed. Fourth, a possible treatment alternatives 

including their effects and benefits must be examined systematically to help decision-making82.  

A comprehensive assessment of benefits and harms of a treatment can be executed as 

a Health Technology Assessment (HTA), that includes economic considerations (e.g., cost-ef-

fectiveness analyses). The HTA is the systematic evaluation of medical procedures and technol-

ogies for population-level healthcare and consists of two different evidence phases. In the first 

phase, researchers collect evidence based on RCTs, cases studies, and observational studies. In 

the second phase, evidence is processed using modelling studies to estimate the costs and 
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effects in circumstances that could not or can never be observed in treatment trials, for in-

stance due to ethical or resource concerns83.  

The latest review on the evidence and various aspects of internet- and mobile-based 

psychological interventions by the E-Health Taskforce of the European Federation of Psycholo-

gists’ Association (EFPA) did not include cost-effectiveness63. Cost-effectiveness was excluded 

because IMIs are assumed to reduce costs of psychotherapy, and thus are cost-effective com-

pared to other treatment options. Actually, evidence regarding their cost-effectiveness is 

scarce despite over 100 RCTs evaluating the efficacy of IMIs published in 2020 alone. Prior to 

2016, before the studies presented in this thesis had been conducted, evidence on the health 

economic effects of IMIs was very limited. A 2014 review on the efficacy and the cost-effective-

ness of internet-delivered psychological treatments for mood and anxiety disorders could de-

velop no conclusion on their cost-effectiveness due to the small number of health economic 

evaluations and high risk of bias of these studies84. In 2015, a systematic review on economic 

evaluations of IMIs targeting mental health identified 16 articles relating to a variety of mental 

disorders including anxiety (n = 6), depression (n = 4), substance use (smoking cessation n = 3, 

alcohol n = 2), and suicide prevention (n = 1). Most studies offered guidance and utilized a 

societal perspective, demonstrated promising probabilities of cost-effectiveness compared to 

various control groups (e.g., waitlist, treatment as usual (TAU), group CBT, unguided iCBT). 

Three out of only six unguided interventions targeting suicide prevention, depression, and 

smoking cessation showed cost-effective results compared with TAU or attention control (AC), 

but less favorable effects per quality-adjusted life year (QALY) gained85. Since I began conduct-

ing the studies presented in this review, two more reviews have been published. The first re-

view examined psychological, pharmacological, and combined interventions for anxiety disor-

ders(N = 42)86. The authors found iCBT (n = 7) to be cost-effective compared with group CBT 

and inactive treatment, and posited that psychological interventions are more cost-effective 

than pharmacotherapy. The second review identified 12 IMIs for the treatment and prevention 

of depression (guided n = 9, unguided n = 2, both n = 1) and found that guided IMIs are likely 

to be cost-effective87. However, despite the slowly growing number of health economic evalu-

ations, evidence remains insufficient to draw conclusions. Across all reviews, several common 

suggestions for future studies were offered: (1) the need for more health economic evaluations 

across all disorders, (2) including various (active) control conditions and unguided IMIs, (3) fo-

cusing on longer time horizons to capture chronicity and productivity losses of disorders, and 

(4) adhering to economic guidelines using sensitivity and uncertainty analysis, a broad societal 
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perspective, and (5) using QALYs as clinical effect measures to ensure comparability across 

studies and willingness to pay (WTP) thresholds to facilitate decision-making. 

Given these recommendations and that previous reviews were obsolete and outdated, 

we designed a systematic review to evaluate the emerging health economic evidence of IMIs 

in the prevention and treatment of mental problems. Additionally, we intended to include only 

full health economic evaluations and the assessment of their methodological quality to mini-

mize the heterogeneity and increase the informative value of our findings compared with pre-

vious reviews84,85. The review was initially planned to evaluate studies published through May 

of 2018, but was then extended through May of 2021. In line with the existing systematic evi-

dence for the cost-effectiveness of IMIs, we found only a small number of studies targeting SAD 

and none targeting elevated stress (in employees). One guided iCBT targeting patients with SAD 

was compared with group CBT from the societal perspective. The iCBT outperformed (domi-

nated) group CBT at 6-month FU, exhibiting a high probability of cost-effectiveness (81% at 

WTP = 0) for both treatment responder and QALYs gained88. After 4 years, the iCBT generated 

less costs and less effects (treatment responder) but more QALYs gained, ultimately showing a 

low probability of cost-effectiveness (34% at WTP = £30,000 per QALY gained)89. Another study 

compared an email-guided iCBT and a group CBT to WLC. However, this study failed to report 

their results, causing relevant costs to remain unclear90. Therefore, at the time, our study was 

the first to evaluate the cost-effectiveness of an unguided IMI targeting SAD. 

In conclusion, internet- and mobile-based interventions have a great potential to ad-

dress known treatment barriers, offer effective treatment, and increase treatment coverage of 

those affected by mental disorders. At the time our studies were conducted, many important 

aspects of IMIs remained unclear: sustainable implementation, long-time effects, effects of the 

level of human guidance, comparison with usual mental healthcare, and costs associated with 

internet-based treatments. My research should help bridge this evidence gap and inform deci-

sion-makers on how to best allocate scarce resources in the healthcare system to maximize 

treatment outcomes. This leads to the following research questions:  

• What is the short- and long-term efficacy of an unguided internet- and mobile-based self-

help intervention for SAD in students? 

• Does such an intervention represent a good value for money? 

• Does an iSMI targeting elevated stress in employees represent a good value for money? 

• What is the cost-effectiveness of psychological IMIs in treatment and prevention of mental 

problems?  



 

14 

2. Methodology  

2.1 Study 1: Efficacy and Cost-effectiveness of an IMI on SAD 

The presented study is part of the World Mental Health International College Student 

(WMH-ICS) initiative91 that was executed as the StudiCare project in Germany92. The aim was 

to collect data on mental health based on longitudinal surveys and to develop and evaluate 

IMIs for college students in terms of their efficacy, acceptance, and cost-effectiveness. Students 

were recruited inside a network of 19 universities and included if they were aged ≥ 18, German-

speaking, exceeded a cut-off score on the reliable and valid Social Phobia Scale93,94 (SPS > 21) 

and the Social Interaction Anxiety Scale93,94 (SIAS > 32). Students were excluded if they showed 

a risk of suicide, a history of psychotic and bipolar disorders, unstable medication for anxiety 

and depression, received current psychotherapy, or provided no informed consent. In a two-

armed randomized controlled trial (RCT), 200 students with a primary diagnosis of social anxi-

ety disorder (SAD) were randomly assigned to a waitlist control (WLC) or an intervention group 

(IG). All participants had full access to treatment as usual (TAU). This IMI was offered without 

human guidance (self-help intervention) but provided standardized automatic reminders and 

motivational messages for completion to increase adherence (cf. Study Protocol95).  

The intervention consisted of nine text-based modules based on the cognitive-behav-

ioral treatment by Clark and Wells (1995)96. This model proposes that people with SAD hold 

firm beliefs about the relevance of making a good impression to others while believing that 

they are making a bad impression on others. Such negative assumptions about themselves and 

their social environment are due to high self-expectations and negative conditional beliefs. A 

sense of threat promotes a chain of cognitive, affective, and behavioral responses. Additionally, 

inter-linked processes take place such as self-focused attention, safety behaviors, processing 

of oneself as a social object, and worry and rumination before and after a social event. This IMI 

had been shown to be efficacious in previous studies97–99. The modules address various topics: 

motivational enhancement, reasons to initiate goals and introspection into difficult social situ-

ations, psychoeducation, information about maintaining factors (e.g., negative thoughts, safety 

behavior, self-focused attention) to create an individual SAD model, cognitive restructuring to 

help identify and modify negative thoughts (thought diary), information on fear of positive 

evaluation (FPE) to enable the recognition of the devaluation of one’s own achievements, self-

focused attention, behavioral experiments (in-vivo exposures), and summary and revision. In 

addition, one module each for healthy lifestyle, problem-solving, and relapse prevention was 
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offered. Participants were asked to complete one 60-minute module per week consisting of 

reading the informational material, filling out diaries, and performing exercises.  

Assessments were completed at baseline (T0), 10 weeks (T1) and 6-month FU (T2) using 

a secure web-based assessment system (UNIPARK100). Primary outcome measures were SAD 

symptoms measured via SPS and SIAS. Secondary measures included diagnostic status assessed 

with the Structured Clinical Interview for DSM-4 Axis I Disorders (SCID-I101), interpersonal prob-

lems (Inventory of Interpersonal Problems, IPP-64102), depression (Beck Depression Inventory 

II, BDI-II103), FPE (Fear of Positive Evaluation Scale, FPES104), somatic symptoms (Brief Symptom 

Inventory, BSI105), treatment expectancy (Credibility Expectancy Questionnaire, CEQ106) and cli-

ent satisfaction (German Client Satisfaction Questionnaire, CSQ-8107).  

Outcomes for the health economic evaluations were treatment response based on the 

SPS and the SIAS, and QALYs derived from the AQoL-8D (Assessment of Quality of Life108). Costs 

and healthcare utilization were assessed at T0 and T2 with the The Trimbos and iMTA ques-

tionnaire for costs associated with psychiatric illness (TiC-P109). Healthcare utilization, produc-

tivity losses, and patient and family costs were assessed retrospectively (last three months). All 

costs were calculated in Euro (€) for the reference year 2017. The intervention costs were esti-

mated at €178.50, including maintenance, hosting, and 19% value-added tax (VAT). The area 

under curve (AUC) method was used to estimate the cumulated costs, linearly interpolating the 

three months costs at each measurement point to cover the 6-month FU period110. Costs were 

converted to US dollars (US$) using purchasing power parities111 (reference year 2017).  

This study was powered to detect a mean standardized difference of d = 0.40 in the 

primary outcomes between the groups at post-treatment95. All outcomes were analyzed based 

on intention-to-treat (ITT) principle. Missing data was handled using a Markov chain Monte 

Carlo multivariate imputation algorithm (N = 10). SPSS112 was used for the statistical analysis of 

the efficacy data. Continuous between-group outcomes were analyzed using an analysis of co-

variance (ANCOVA) with baseline-scores as covariates, post-scores or FU scores as dependent 

variables as well as identified confounders e.g., previous psychotherapy. The primary outcome 

analysis (SAD symptoms via SPS, SIAS) was adjusted for multiple testing, α was set at <0.025, 

and <0.05 for all other tests (outcomes). The effect size was measured via Cohen's d with 95% 

CI at T1 and T2. Treatment response and deterioration was based on the Reliable Change Index 

introduced by Jacobson and Truax (1991)94. Participants reliably changed when they improved 

or deteriorated by a certain SAD score (SPS: 7.03, SIAS: 9.53). Participants achieved a symptom-

free status if they scored below 18 (SPS) or 27 (SIAS)94. Differences in symptom-free status, 

treatment response and diagnostic status were assessed using the 𝜒2 test at 6-month FU.  
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Stata version113 no 16.1 was used for the health economic evaluation. Missing data was 

handled using a regression imputation procedure including predictors of the outcome and the 

dropout. Cost categories were assessed via ordinary least-squares regression (OLS) models 

from a healthcare and societal perspective. QALYs were estimated using OLS regression models 

controlling for baseline utility values. Cost-effectiveness (CEA) and cost-utility analyses (CUA) 

were performed using an incremental cost-effectiveness ratio (ICER) defined as between-group 

costs delta over the period of 6-months and per unit of effect as QALY gains or symptom-free 

status. A probabilistic decision-making approach was used,114 to take the stochastic uncertainty 

of the trial data into account115. Thus, the incremental costs and effects were obtained from a 

bootstrapped seemingly unrelated regression equations (SURE) model adjusted for baseline 

utilities, age, and prior psychotherapy116. The 5000 bootstrap replications of costs and effect 

pairs were used to obtain a 95% confidence intervals (CI) and were plotted in a cost-effective-

ness plane. Additionally, a cost-effectiveness acceptability curve (CEAC) was presented to show 

the IMI’s cost-effectiveness likelihood at varying WTP ceilings117. The robustness of the results 

was examined by sensitivity analyses including, e.g., per-protocol analysis (study completer), 

application of the EuroQol Quality of Life 5 Dimensions 5 Level (EQ-5D-5L118) to generate QALYs, 

and increased intervention costs (+50%, +100%).  

2.2 Study 2: Cost-effectiveness of an iSMI for employees 

The intervention study was planned and conducted by Elena Heber and colleagues119. 

It was part of the GET.ON (GesundheitsTrainings.Online)120 research project of the Leuphana 

University Lüneburg, aiming to develop and evaluate the effectiveness of online trainings and 

apps for health promotion and disease prevention.  

Participants were recruited from the general working population via mass media sup-

ported by an occupational health management program of the German BARMER health insur-

ance company. Employees were included if they were aged ≥ 18, German-speaking, employed, 

and exceeded a cut-off score on Perceived Stress Scale-10121,122 (PSS-10 ≥ 22) and were ex-

cluded if they showed a risk of suicide, were diagnosed with psychosis / dissociative symptoms, 

or provided no informed consent. In a two-armed RCT, 264 participants were randomly as-

signed to a WLC or an IG. Participants using the web-based and mobile stress-management 

intervention were supported by an e-coach providing written feedback on a completed session 

and could, if desired, receive text messages such as automatic motivational text messages and 

exercises on their mobile phone.  
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The intervention “GET.ON Stress” consists of 4 modules based upon two main compo-

nents: problem solving and emotion regulation. The first session includes psychoeducation on 

emotion- and problem-focused coping strategies and identification of stressors and goal set-

ting. The subsequent two sessions focus on problem solving therapy123, including six-step prob-

lem-solving methods (learning) that are applied to typical and personal scenarios (mainte-

nance). Sessions four to six include emotion regulation techniques based on Affect Regulation 

Training (ART)124, applying muscle and beathing relaxation, acceptance and tolerance of emo-

tions and self-support. In the last session, participants reflect on their goals, note early stress 

warning signs, and write a letter to themselves on how their life have changed after four weeks 

of practicing the learned methods. Participants were asked to complete one 45-60-minutes 

module per week including reading the informational material, filling out a daily stress diary 

and performing exercises and quizzes.  

Assessments were completed at baseline (T0), 7 weeks (T1), 6 months FU (T2), and (T3) 

12 months FU (only the IG). Primary outcome measures were perceived stress assessed via PSS-

10. Secondary outcomes included, e.g., depression (Center for Epidemiological Studies Depres-

sion Scale, CES-D125), anxiety (Hospital Anxiety and Depression Scales, HADS126), emotion regu-

lation (Emotion Regulation Skills Questionnaire (ERSQ-ES127), and work engagement and wor-

rying (Utrecht Work Engagement Scale, UWES128).  

Outcomes for the health economic evaluation were symptom-free status response 

based on PSS-10, and QALYs derived from the Short-Form Six-Dimension (SF-6D129). Costs and 

healthcare utilization were assessed via the TiC-P109 at T0 and T2. Healthcare utilization, 

productivity losses and patient and family costs were assessed retrospectively (last three 

months). All costs were calculated in Euros (€) for the reference year 2013. The amount of lost 

working days multiplied by the gross daily wages (based on the monthly salary) was used to 

calculate absenteeism pursuant to the human capital approach82. Working days multiplied by 

an inefficiency score were used to calculate presenteeism at work (Osterhaus method)130. The 

intervention’s costs were based on the current market price at €299 including costs for the 

development, maintenance, hosting, coaching of participants, and 19% VAT. Cumulated cost 

were estimated using the AUC method to linearly interpolate three months costs at each meas-

urement point to cover the 6-month FU period. Costs were converted to US dollar (US$) using 

purchasing power parities (reference year 2013). The statistical analysis of the efficacy out-

comes is not part of this thesis and is described elsewhere131.  

Stata132 version 13 was used for the health economic evaluation. Missing data was han-

dled using a regression imputation procedure including outcome predictors and the dropout. 
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Clinical outcome data was imputed using a Markov Chain Monte Carlo multivariate imputation 

algorithm (N = 10). Symptom-free status was achieved if participants scored below 17.70 on 

the PSS, reflecting more than two standard deviations below the mean of a stressed population 

(25.52, SD 3.91) at baseline according to Jacobson and Truax (1991)94.  

A CEA and CUA from a societal perspective133 used an ICER defined by the incremental 

between-group costs over the period of 6-months and QALY gains or symptom-free status as 

unit of effect. A probabilistic decision-making approach114 took the stochastic uncertainty of 

the trial data into account115. Incremental costs and effects were obtained from a bootstrapped 

SURE model (N = 5000)116. The 5000 bootstrap replications of costs and effect pairs were used 

to obtain 95% CI and were plotted in a cost-effectiveness plane. Additionally, a CEAC was pre-

sented to show the IMI’s likelihood of being cost-effective at varying WTP ceilings117.  

A cost-benefit analysis (CBA) from an employer’s perspective reported (1) net benefits 

(NB = benefits - costs), (2) the benefit-to-cost ratio (BCR = benefit/cost), (3) and the return-on-

investment (ROI = NB/costs). A bias-corrected and accelerated bootstrap procedure (N = 5000) 

was used to estimate 95% CI134. Cost savings were indicated if the following criteria are met: 

NB > 0, BCR > 1, and ROI > 1135. The findings’ robustness was examined via sensitivity analyses 

including, e.g., varying intervention costs (± €100), an alternative instrument EuroQol118 (EQ-

5D-3L) to generate QALYs, and exclusion of outliers (e.g., inpatient costs). 

2.3 Study 3: A Systematic Review on Cost -Effectiveness in IMIs  

This systematic review provides an overview of the cost-effectiveness of IMIs targeting 

mental disorders or symptoms. The review is registered on the international prospective regis-

ter of systematic reviews (PROSPERO (CRD4201809380885)136 and followed common reporting 

guidelines (Preferred Reporting Items for Systematic Reviews and Meta-Analyses, PRISMA137; 

Consolidated Health Economic Evaluation Reporting Standards, CHEERS138). Several electronic 

databases were searched: MEDLINE, PsycINFO, Cochrane Central Register of Controlled Trials 

(CENTRAL), PSYNDEX and National Health Service (NHS) Economic Evaluations Database. Stand-

ardized subject terms identified relevant articles published prior to October 5th, 2021, on (1) 

intervention, treatment, prevention, or psychotherapy, (2) mental disorders, (3) internet, 

online or mobile-based and (4) economic evaluation. Eligibility criteria based on the PICO 

framework (Population, Intervention, Comparison, Outcome) were defined as: 

Population: Participants with a diagnosis of a mental disorder or symptoms as major 

depressive disorders, dysthymia, bipolar disorder, social phobia, panic disorder, generalized 



19 

anxiety disorder, post-traumatic stress disorder, obsessive-compulsive disorder, specific pho-

bia, and separation anxiety, sleep disorders, or transdiagnostic key-symptoms such as suicidal 

thoughts, psychological distress assessed on a validated self-report questionnaires or diagnos-

tic interviews. 

Intervention: Internet-, online-, web- or mobile-based psychological interventions pro-

vided in an online setting based on CBT, interpersonal therapy, problem-solving therapy, posi-

tive psychology intervention, psychodynamic therapies, behaviour therapy or behavior modifi-

cation, systemic therapies, third wave cognitive behavioural therapies, humanistic therapies, 

or integrative therapies. 

Comparators: use of comparators such as other psychological intervention, TAU, WLC 

or AC group.  

Outcomes: Reporting of CEA, CUA, CBA and cost-minimisation analysis (CMA) estimates 

based on a full economic evaluation where both costs and effects (e.g., QALYs, treatment re-

sponse, relapse avoided, remission) of two or more alternatives are compared. All eligible stud-

ies were RCTs full-text accessible in peer-reviewed English or German scientific journals. Rea-

son for exclusion were: not delivered online, blended intervention (in combination with a F2F 

or video-based sessions delivered by traditional therapists), reporting of no meaningful out-

come measure for economic evaluation, or health economic modelling studies.  

Titles and abstracts were screened by two independent researchers during study selec-

tion and inter-rater agreement was examined. Data was extracted by applying the CHEERS 

checklist regarding participants’ characteristics, study design, intervention, economic outcome 

measures, type of economic evaluation, economic evaluation estimates, characteristics of de-

rived costs, and costs perspective. Only results based on the ITT principle were reported. Inter-

ventions were judged to be cost-effective when the IMI’s effect was higher and costs lower 

than the comparator’s (dominant treatment option). QALYs were cost-effective if their costs 

were below the WTP threshold of £30,000 as suggested by the National Institute for Health and 

Clinical Excellence (NICE). Disease-specific clinical outcomes (e.g., treatment response) were 

judged to be cost-effective when the IMI’s probability of cost-effectiveness at a WTP of 0 was 

equal or greater than 80%. All national currencies were converted to Pound Sterling for the 

price year 2020 to ensure comparability139. Country-specific gross domestic product inflators 

were used to index the currency to 2020 and subsequently converted to Pound Sterling 

(£) using purchasing power parities140.  

The quality of the health economic evaluations was assessed by the Consensus on 

Health Economic Criteria (CHEC141). A percental summary score of this 20-item checklist was 
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used to categorize: excellent (100–95%), good (75%–94%), average (50%–74%) and poor (< 

50%). Risk of bias (RoB) was assessed by the Cochrane Collaboration’s tool142 for assessing risk 

of bias that includes selection, performance, detection, attrition, reporting and other bias in 

research studies. Performance bias was excluded as participants and personnel cannot be 

blinded due to the nature of IMIs. RoB was converted to the Agency for Healthcare Research 

and Quality standards143 (i.e., good, fair, or poor quality). Both RoB and CHEC were rated inde-

pendently by Fanny Kählke and Claudia Buntrock.  
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3.1  Article 1: Study protocol – IMI for Students with SAD 

Authors: Fanny Kählke, Thomas Berger, Ava Schulz, Harald Baumeister, Matthias Berking, 

Pim Cuijpers, Ronny Bruffaerts, Randy P. Auerbach, Ronald C. Kessler & David 

D. Ebert

Title: Efficacy and cost-effectiveness of an unguided, internet- and mobile-based self-

help intervention for social anxiety disorder in university students: protocol of 

a randomized controlled trial. 

Journal: BMC Psychiatry, Vol. 19, No. 197 (2019) https://bmcpsychiatry.biomedcen-

tral.com/articles/10.1186/s12888-019-2125-4  

DOI: https://doi.org/10.1186/s12888-019-2125-4 

Trial register: https://www.drks.de/DRKS00011424  

Social anxiety disorder (SAD) is prevalent among college students. Adverse conse-

quences of SAD are problems with identity formation, low quality of life, suicidal ideation, and 

high alcohol consumption. They lead to an economic burden stretching beyond treatment costs 

such as decreased productivity and lower qualification. Students with SAD often fear to be stig-

matized or evaluated negatively and hence remain untreated. Unguided internet- and mobile-

based self-help interventions (IMIs) can address treatment barriers. This study examines the 

efficacy and cost-effectiveness of an IMI targeting SAD in students. In this two-armed random-

ized controlled trial, 200 students aged 18 years or above showing a primary diagnosis of SAD 

(Social Phobia Scale [SPS ≥ 21] or Social Interaction Anxiety [SIAS ≥ 32]) were assigned at ran-

dom to an intervention group (IG) (n = 100) or a waitlist control (WLC) (n = 100) group with 

unrestricted access to treatment as usual (TAU). All students had full access to TAU. The inter-

vention was adapted to student needs and additionally offers one module based on fear of 

positive evaluations, a neglected determinant of the SAD treatment. The IMI includes 9 mod-

ules based on the cognitive-behavioral approach by Clark and Wells (1995) including: psy-

choeducation, avoidance and safety behavior, self-focused attention, cognitive restructuring of 

dysfunctional assumptions, fear of positive evaluation, and behavioral experiments. The con-

tent includes text, protocols, diaries, and exercises. The self-help intervention is not supported 

by a therapist but applies automated standardized reminders and motivational text messages 

to increase adherence. The study outcomes were assessed at baseline, 10 weeks and 6-month 

follow-up. The primary outcome were SAD symptoms at post-treatment. Secondary outcomes 

included, among others, diagnostic status, costs, quality of life, depressive symptomatology, 

and fear of positive evaluation. Diagnostic status was assessed through a Structured Clinical 

https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-019-2125-4
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-019-2125-4
https://doi.org/10.1186/s12888-019-2125-4
https://www.drks.de/DRKS00011424
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Interview for DSM-4 Axis I Disorders (SCID-I). Health economic evaluations included cost-effec-

tiveness and cost-utility analyses from a societal and health provider perspective. 

The manuscript was submitted in May 2018, accepted in April 2019, and published un-

der the terms of Creative Commons Attribution 4.0 license (manuscript can be reproduced) in 

June 2019 in the section Study Protocol of the Journal BMC Psychiatry. BMC Psychiatry is an 

international open access, peer-reviewed journal publishing articles on all aspects of the pre-

vention, diagnosis, and management of psychiatric disorders. 

 

Contribution: Fanny Kählke was the principal investigator of the study and author of the pub-

lished article. David D. Ebert and Harald Baumeister obtained funding for this study as part of 

the StudiCare project. Thomas Berger developed the evaluated intervention. Fanny Kählke sup-

ported by David D. Ebert, Thomas Berger, Ava Schulz developed the conception of the study 

design. She wrote the published article and was supervised by David D. Ebert. All co-authors 

read, critically revised, and finally approved the published article. 
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3.2  Article 2: Efficacy of an IMI for Students with SAD 

Authors:  Fanny Kählke, Thomas Berger, Ava Schulz, Harald Baumeister, Matthias Berking, 

Randy P. Auerbach, Ronny Bruffaerts, Pim Cuijpers, Ronald C. Kessler & David 

D. Ebert 

Title:  Efficacy of an unguided internet-based self-help intervention for social anxiety 

disorder in university students: A randomized controlled trial 

Journal:  International Journal of Methods in Psychiatric Research, Vol. 28, No. e1766 

(2019) https://onlinelibrary.wiley.com/doi/epdf/10.1002/mpr.1766  

DOI:  https://doi.org/10.1002/mpr.1766   

Trial register:  https://www.drks.de/DRKS00011424 

 

Social anxiety disorder (SAD) is prevalent and often remains untreated leading to ad-

verse consequences among students. Internet- and mobile-based self-help interventions (IMIs) 

can overcome treatment barriers. This randomized controlled trial examined the efficacy of an 

unguided IMI (StudiCare soziale Ängste) targeting SAD among students. The intervention in-

cludes 9 modules based on the cognitive-behavioral approach by Clark and Wells (1995). The 

IMI is unguided offering no support by a therapist but standardized automatic messages to 

increase adherence. In this trial 200 students aged 18 years or above showing a primary diag-

nosis of SAD (Social Phobia Scale [SPS] ≥ 21 or Social Interaction Anxiety [SIAS] ≥ 32) were ran-

domly assigned to either or an intervention group (IG) (n = 100) or to a waitlist control (WLC) 

(n = 100) with unrestricted access to treatment as usual. The primary outcome of this study 

were SAD symptoms at post-treatment, 10 weeks after randomization. Secondary outcomes 

were, among others, diagnostic status, costs, quality of life, depressive symptomatology, and 

fear of positive evaluation. Diagnostic status was assessed through Structured Clinical Interview 

for DSM-4 Axis I Disorders (SCID-I). Participants were on average 27 years old (26.7, standard 

deviations [SD] = 6.34), female (62%) full-time students (85%). One third of the participants 

(34%) had some experience with psychotherapy. All characteristics were balanced across 

groups and drop-out was relatively low (IG: 9% vs. WLC: 6%). On average, 5.18 (SD = 2.65) out 

of 9 modules were completed by the participants. Client satisfaction was high (83%). The re-

duction of SAD symptoms at post-test indicated moderate to large effect sizes in favor of the 

IMI compared with WLC (SPS: d = 0.76; SIAS: d = 0.55, p < 0.001). The analysis of covariance 

generated significant lower scores for the IMI compared with WLC (analysis of covariance [AN-

COVA]: SPS: F (1, 197) = 94.65, p < 0.001; ANCOVA SIAS: F (1, 197) = 122.51, p < 0.001). Effects 

on all secondary outcomes were significant and in favor of the IMI. The intervention proved 

https://onlinelibrary.wiley.com/doi/epdf/10.1002/mpr.1766
https://doi.org/10.1002/mpr.1766
https://www.drks.de/DRKS00011424
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effective in reducing SAD symptoms in university students and may provide an alternative 

treatment option to reach affected students at an early stage.  

The manuscript was submitted in July 2018, revised in November 2018, accepted in 

December 2018, and published in January 2019 and in June 2019 as part of a special issue of 

the WHO World Mental Health International College Student (WMH-ICS) initiative in the Inter-

national Journal of Methods in Psychiatric Research. This is an international open access journal 

that publishes high-standard original research related to mental and behavioral disorders. The 

article is published under the copyright transfer agreement that allows for it to be reused in 

another publication if “the final Published Version or parts thereof for any publication authored 

or edited by the Contributor (excluding journal articles) where such re-used material consti-

tutes less than half of the total material in such publication” and it is appropriately cited and 

linked to the publisher. 

 

Contribution: Fanny Kählke was the principal investigator and author of the published article. 

David D. Ebert and Harald Baumeister obtained funding for this study as part of the StudiCare 

project. Thomas Berger developed the evaluated intervention. Fanny Kählke supported by Da-

vid D. Ebert, Thomas Berger, Ava Schulz developed the conception of the study design. Fanny 

conducted the study, prepared, and analyzed the dataset. She wrote the published article and 

was supervised by David D. Ebert. All co-authors read, critically revised, and finally approved 

the published article. 
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3.3. Article 3: Long-term efficacy and cost-effectiveness of an IMI for SAD 

Authors:  Fanny Kählke, Claudia Buntrock, Filip Smit, Thomas Berger, Harald Baumeister 

& David D. Ebert 

Title:  Long-term Outcomes and Cost-Effectiveness of an Internet- and Mobile-Based 

Self-Help Intervention for Social Anxiety Disorder in University Students: A Ran-

domized Controlled Trial 

Journal:  Manuscripts submitted to the Nature Human Behaviour (currently under re-

view, 2022) 

Trial register:  https://www.drks.de/ DRKS00011424 

 

Social anxiety disorder (SAD) is widespread among university students. SAD is associated with 

adverse consequences reaching from low quality of life over increased alcohol consumption to 

productivity losses. The resulting healthcare expenditures generate high costs for society. In-

ternet- and mobile-based interventions (IMIs) can overcome treatment barriers and are effec-

tive in the short-term. Yet, evidence for their long-term effects and cost-effectiveness is scarce. 

This randomized-controlled trial examined the efficacy and cost-effectiveness of an unguided 

IMI for university students with SAD 6 months after randomization. Students diagnosed with 

SAD (N = 200) were randomly assigned to an IMI or a waitlist control condition (WLC) with 

unrestricted access to treatment as usual. The IMI consists of 9 sessions based on the cognitive-

behavioral approach by Clark and Wells. The primary outcome was SAD symptom severity as-

sessed via the Social Phobia Scale (SPS) and the Social Interaction Anxiety Scale (SIAS). A health 

economic evaluation investigated the generated costs related to symptom-free status and 

quality-adjusted life years (QALYs based on the AQoL-8D instrument), each from a societal and 

healthcare perspective. Costs were assessed by the Trimbos Institute and Institute of Medical 

Technology Questionnaire for Costs Associated with Psychiatric Illness (TiC-P) adapted to the 

German healthcare system. Intervention costs were €178.5 including maintenance, hosting, 

and 19% value added tax. Effects found at post-treatment favoring the IMI were maintained at 

6-month follow-up [SIAS (Cohen’s d = 0.59; 95% confidence interval, CI [0.30, 0.87]), SPS (d = 

0.83; 95% CI [0.54, 1.1]). From a societal perspective, the intervention generated higher effects 

at lower costs compared with WLC showing a 92% and 93% (willingness to pay [WTP] = 0) prob-

ability of cost-effectiveness related to both a symptom-free status and per QALY gained. From 

a healthcare perspective, the IMI led to higher effects at higher cost compared to WLC, thus 

the likelihood of the intervention’s cost-effectiveness was 97% per symptom-free status (WTP 

= €1,000) and 96% per QALY gained (WTP = €6,000). This IMI was efficacious and cost-effective 

being under the cost-effectiveness threshold of £30,000 per QALY gained compared to WLC 

https://www.drks.de/%20DRKS00011424
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from a societal and healthcare perspective. Decision makers and clinicians can easily use this 

scalable treatment that addresses known treatment barriers in SAD patients. 

The manuscript was submitted in October 2022 to Nature Human Behaviour. This 

online open-access journal is dedicated to publishing high quality peer-reviewed research in all 

aspects of human behavior from across social and natural sciences.  

 

Contribution: Fanny Kählke was the principal investigator and author of the published article. 

David D. Ebert and Harald Baumeister obtained funding for this study as part of the StudiCare 

project. Thomas Berger developed the evaluated intervention. Fanny Kählke, supported by Da-

vid D. Ebert, Thomas Berger, and Ava Schulz, developed the conception of the study design. 

Fanny Kählke conducted the study, prepared, and analyzed the dataset. She wrote the pub-

lished article and was supervised by Claudia Buntrock and David D. Ebert. All co-authors read, 

critically revised, and finally approved the published article. 
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3.4  Article 4: Cost-Effectiveness of an iSMI from Employer’s Perspective 

Authors:  Daniel D. Ebert, Fanny Kählke, Claudia Buntrock, Matthias Berking, Filip Smit, 

Elena Heber, Harald Baumeister, Burkhardt Funk, Helen Riper & Dirk Lehr  

Title: A Health Economic Outcome Evaluation of an Internet-Based Mobile-Supported 

Stress Management Intervention for Employees. 

Journal:  Scandinavian Journal of Work, Environment & Health Journal, Vol. 44, No. 2 

(2018) https://www.sjweh.fi/article/3691     

DOI:  https://doi.org/10.5271/sjweh.3691  

Trial register:  https://www.drks.de/DRKS00004749       

 

Work-related stress is prevalent among employees and related to sleeping problems 

and burnout. Meta-analytic evidence shows that stress management is effective when deliv-

ered online in short and long-term but evidence on its cost-effectiveness is missing. Thus, this 

study aimed to evaluate the cost-effectiveness and cost-benefit of a guided internet- and mo-

bile-supported occupational stress-management intervention (iSMI) for employees from the 

employer's perspective 6 months after randomization. Employees (N = 264) with increased 

symptoms of perceived stress (Perceived Stress Scale, PSS-10 ≥ 22) were randomly assigned to 

the iSMI or a waitlist control (WLC) group with unrestricted access to treatment as usual. The 

iSMI incorporates seven modules (plus one booster) based on Lazarus’s transactional model of 

stress, including problem-solving and emotion-regulation techniques. Participants are sup-

ported by an e-coach who provides personalized feedback throughout the intervention. Symp-

toms of perceived stress and economic data were collected at baseline, and at 6 months fol-

lowing randomization using self-report instruments. A health economic evaluation, including a 

cost-benefit analysis (CBA) and a cost-effectiveness analysis (CEA) using symptom-free status 

as primary outcome, was conducted from the employer’s perspective. Costs were assessed us-

ing the Trimbos Institute and Institute of Medical Technology Questionnaire for Costs Associ-

ated with Psychiatric Illness (TiC-P) adapted to the German healthcare system. The intervention 

costs, including development, hosting, coaching, and value added tax of 19%, were estimated 

at €299. Statistical uncertainty was assessed using a bootstrapping technique (N = 5000). The 

intervention generated a net-benefit of €181 (95% confidence interval (CI) [-6043, 1042]) and 

a benefit-to-cost ratio [BCR (benefit/costs)] of 1.6 (95% CI [-1.2, 4.5]) per participant over 6 

months. In addition, the employer gained €0.60 (95% CI [2.2, 3.5]) for every euro invested 

[(benefits - costs)/(costs × 100)]. The CEA yielded 67% and 98% probabilities, respectively, of 

being cost-effective at a WTP ceiling of €0 and €2000 for one additional symptom-free em-

ployee compared to WLC. Thus, the iSMI was cost-effective and generated less costs when 

https://www.sjweh.fi/article/3691
https://doi.org/10.5271/sjweh.3691
https://www.drks.de/DRKS00004749
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compared with WLC within six months after randomization. Using an iSMI as part of an occu-

pational healthcare at a workplace represents good value for money. 

The manuscript was submitted in August 2017, accepted in September 2017, and pub-

lished under the terms of Creative Commons Attribution 4.0 license (manuscript can be repro-

duced) online in November 2017 and in print in March 2018 in the Scandinavian Journal of 

Work, Environment & Health Journal (Scand J Work Environ Health). This is an international 

open access journal that aims to promote high quality and impactful research in the field of 

occupational and environmental health and safety.  

 

Contribution: Fanny Kählke is the second author of this published article. Matthias Berking ob-

tained funding for this trial. David D. Ebert and Elena Heber developed the idea of the study 

including the study design of the efficacy trial. Fanny Kählke chose the methods to conduct a 

health economic evaluation, cleaned and analyzed the cost-effectiveness data of the study. She 

wrote the methods and result section supervised by David D. Ebert. All co-authors read, criti-

cally revised, and finally approved the published article. 
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3.5  Article 5: Cost-Effectiveness of an iSMI from Societal Perspective 

Authors:  Fanny Kählke, Claudia Buntrock, Filip Smit, Matthias Berking, Dirk Lehr, Elena 

Heber, Burkhardt Funk, Helen Riper & Daniel D. Ebert 

Title:  Economic Evaluation of an Internet-Based Stress-Management Intervention 

Alongside a Randomized Controlled Trial 

Journal:  JMIR Mental Health, Vol. 6, No. 5 (2019) https://men-

tal.jmir.org/2019/5/e10866/ 

DOI:  https://doi.org/10.2196/10866   

Trial register:  https://www.drks.de/DRKS00004749  

 

Work-related stress is widespread among employees and associated with adverse 

health consequences such as sleeping problems and burnout as well as enormous costs for 

society. Internet-based stress management interventions (iSMI) are effective in reducing stress 

at the workplace, but evidence for their cost-effectiveness is lacking. Thus, this study aimed to 

evaluate the cost-effectiveness of a guided iSMI for employees from the societal perspective 6 

months after randomization. Employees (N = 264) with elevated symptoms of perceived stress 

(Perceived Stress Scale, PSS-10 ≥ 22) were assigned to the iSMI or to a waitlist control (WLC) 

group with unrestricted access to treatment as usual. The iSMI offers problem-solving and emo-

tion-regulation techniques across seven modules (plus one booster) based on Lazarus’ transac-

tional model of stress. The intervention is guided by an e-coach offering personalized feedback 

for the participants. Symptoms of perceived stress and economic data were collected via self-

report instruments at baseline and at six months following randomization. A health economic 

evaluation, including a cost-utility analysis (CUA) and a cost-effectiveness analysis (CEA), was 

conducted relating cost to a symptom-free person or quality-adjusted life years (QALYs based 

on the EQ-5D instrument) from the societal perspective. Costs were assessed using the Trimbos 

Institute and Institute of Medical Technology Questionnaire for Costs Associated with Psychi-

atric Illness (TiC-P) adapted to the German healthcare system. The intervention costs, including 

the development, hosting, coaching, and value added tax were estimated at €299. Statistical 

uncertainty was assessed using a non-parametric bootstrapping (N = 5000). The iSMI domi-

nated the WLC, generating larger effects at less costs. Thus, at a willingness to pay (WTP) of €0 

per additional symptom-free person, the intervention’s probability of being more cost-effec-

tive than WLC was 70%. This probability rose to 85% and 93% when the society was willing to 

pay €1000 or €2000, respectively, per additional symptom-free person. Likewise, the CUA 

yielded a 76% probability that the intervention is more cost-effective than WLC at a WTP 

threshold of €20,000 (US$25,800) per QALY gained. From a societal perspective, the iSMI shows 

https://mental.jmir.org/2019/5/e10866/
https://mental.jmir.org/2019/5/e10866/
https://doi.org/10.2196/10866
https://www.drks.de/DRKS00004749
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an acceptable likelihood of being cost-effective compared with WLC. The integration of this 

iSMI into routine occupational healthcare can complement the traditional face-to-face thera-

pies provided by occupational health physicians.  

The manuscript was submitted in May 2018, accepted in December 2018, and pub-

lished under the terms of Creative Commons Attribution 4.0 license (manuscript can be repro-

duced) in May 2019 in the Journal of Medical Internet Research Mental Health.  

 

Contribution: Fanny Kählke was the first and main author of the published article. Mathias 

Berking obtained funding for this trial. David D. Ebert obtained funding for the analysis. Elena 

Heber was responsible for the study administration. Fanny Kählke analyzed the data and 

drafted the manuscript on the health economic evaluation supervised by David D. Ebert, Clau-

dia Buntrock and Filip Smit. All co-authors read, critically revised, and finally approved the pub-

lished article. 

 

 



 

90 

 

 



 

91 

 

 



 

92 

 

 

 



 

93 

 

 

 



 

94 

 

 



 

95 

 

 

 

 



 

96 

 

 

 



 

97 

 

 

 



 

98 

 

 

 



 

99 

 

 

 



 

100 

 

 

 



 

101 

 

 

 



 

102 

 

 

 

 



 

103 

 

 

 

 

 



 

104 

 

 

 

 

 

 

 

 



 

105 

3.6 Article 6: Systematic Review of Cost-Effectiveness in IMIs  

Authors:  Fanny Kählke, Claudia Buntrock, Filip Smit, Daniel D. Ebert 

Title: Systematic review of economic evaluations for Internet- and mobile-based in-

terventions for mental health problems 

Journal:  NPJ Digital Medicine (Manuscripts accepted for publication  

PROSPERO:  CRD42018093808 

 

The high global prevalence of mental disorders poses an enormous economic burden 

on society. Internet and mobile-based interventions (IMIs) are scalable and of flexible use, yet 

evidence of their cost-effectiveness for the treatment of mental disorders is inconclusive and 

outdated and thus unclear. The aim of this review was to 1) systematically review the evidence 

presented in economic evaluations of psychological IMIs for the treatment or prevention of 

mental disorders and associated symptoms and to 2) evaluate the methodological study qual-

ity. The available literature was systematically screened for economic evaluations alongside 

randomized controlled trials published prior to May 10th, 2021. Electronic databases (including 

MEDLINE, PsycINFO, CENTRAL, PSYNDEX and National Health Service Economic Evaluations Da-

tabase) were searched for psychological IMIs targeting mental disorders and symptoms that 

employed a full health economic evaluation comparing cost and effects of two of more groups. 

Methodological quality and risk of bias was assessed via the Consensus on Health Economic 

Criteria (CHEC) and the Cochrane Collaboration’s tool for assessing risk of bias. Cost-effective-

ness was assumed at or below £30,000 per quality-adjusted life year gained. In total, 4,042 

studies were found and 36 economic evaluations reviewed. The findings showed that guided 

IMIs accompanied by a therapist or eCoach are likely to be cost-effective in targeting depres-

sion and anxiety. The quality of most evaluations was good, albeit with some risk of bias. Het-

erogeneity across studies was high due to, e.g., different costing methods, design, comparison 

groups and outcomes, populations, methods, and settings used. In conclusion, IMIs for anxiety 

and depression have the potential to be cost-effective. Yet, the evidence for unguided self-help 

interventions in treatment and prevention is scarce. Additionally, more research on IMIs com-

pared to active control conditions, such as face-to-face therapy, treatment as usual, or other 

interventions over a longer time horizon and across a wider range of disorders, is needed. 

The manuscript was submitted in July and accepted in September 2022 in NPJ Digital 

Medicine. It is included as an uncorrected proof. This journal is an online open-access journal 

dedicated to publishing high quality peer-reviewed research in all aspects of digital medicine.  
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Contribution: Fanny Kählke was the principal investigator and author of the published article. 

Fanny Kählke, Claudia Buntrock, and David D. Ebert were involved in the concept and design of 

the study. Fanny Kählke and Claudia Buntrock were the primary contributors to data extraction 

and analysis. Fanny Kählke wrote the first draft of the manuscript supervised by Claudia 

Buntrock and Filip Smit. All co-authors read, critically revised, and finally approved the pub-

lished article. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ARTICLE OPEN

Systematic review of economic evaluations for internet- and
mobile-based interventions for mental health problems
Fanny Kählke 1✉, Claudia Buntrock2, Filip Smit3,4,5 and David Daniel Ebert1

In view of the staggering disease and economic burden of mental disorders, internet and mobile-based interventions (IMIs)
targeting mental disorders have often been touted to be cost-effective; however, available evidence is inconclusive and outdated.
This review aimed to provide an overview of the cost-effectiveness of IMIs for mental disorders and symptoms. A systematic search
was conducted for trial-based economic evaluations published before 10th May 2021. Electronic databases (including MEDLINE,
PsycINFO, CENTRAL, PSYNDEX, and NHS Economic Evaluations Database) were searched for randomized controlled trials examining
IMIs targeting mental disorders and symptoms and conducting a full health economic evaluation. Methodological quality and risk
of bias were assessed. Cost-effectiveness was assumed at or below £30,000 per quality-adjusted life year gained. Of the
4044 studies, 36 economic evaluations were reviewed. Guided IMIs were likely to be cost-effective in depression and anxiety. The
quality of most evaluations was good, albeit with some risks of bias. Heterogeneity across studies was high because of factors such
as different costing methods, design, comparison groups, and outcomes used. IMIs for anxiety and depression have potential to be
cost-effective. However, more research is needed into unguided (preventive) IMIs with active control conditions (e.g., treatment as
usual) and longer time horizon across a wider range of disorders.

Trial registration: PROSPERO Registration No. CRD42018093808.
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INTRODUCTION
Mental disorders (MDs) are highly prevalent worldwide1. Globally,
every fifth person is affected, and roughly one-third of adults have
experienced mental illness at least once2. MDs constitute a
substantial burden for individuals and society. Meta-analytic
evidence shows an elevated risk of mortality in people with
MDs3,4 and low quality of life5. In addition, MDs appear to be
correlated with several physical illnesses6 such as stroke, pain,
cancer, diabetes mellitus, asthma, heart disease, hypertension, and
insomnia7. According to the World Health Organization, disease
burden as expressed in disability-adjusted life years (DALYs)
associated with MDs is substantial and has remained constant
over time and across countries8. In 2016, Vigo et al. argued that
the “true” estimate of the global burden caused by MDs will
double compared with earlier estimates and will account for 13%
of total DALYs. Hence, the burden of MDs is comparable with
those of cardiovascular and circulatory diseases9.
MDs are associated with substantial economic costs for society.

Associated productivity losses due to absenteeism and presentee-
ism, earlier retirement, and increased level of healthcare utilization
have major influence on society. In 2010, the global costs
associated with MDs were estimated at US$2.5 trillion10. Indirect
costs, such as productivity losses or premature death, were twice
as high as direct medical costs related to health service use. In the
EU, MD-associated costs are estimated at €798 billion in 201011.
However, costs are expected to double by 203010 because of
increasing demand and rising costs.

Despite the availability of effective psychological interven-
tions12, the majority of individuals with MDs remain untreated13

or receive delayed treatment often initiated several years after
MD onset14. The reasons are multifaceted. Attitudinal barriers,
such as low perceived need or a stigma-related desire to handle
one’s problems seems to be more important than structural
barriers, such as availability of treatment and expenses both for
initiating and continuing treatment15. One promising approach to
overcome these barriers of traditional psychological interventions
are internet- and mobile-based interventions (IMIs). IMIs can
address these barriers, as IMIs are anonymous, effective, and
accessible 24/716,17. Additionally, IMIs can be implemented as
stand-alone self-help interventions, as blended care (a face-to-
face therapy extended with psychoeducation delivered via the
internet) or as part of a stepped care approach in which the
amount of support is adjusted to the patient’s needs. IMIs were
shown to be effective for treating common MDs across various
settings and age groups18–20.
Although the initial costs of developing IMIs can be

substantial, the low marginal costs of providing IMIs to
additional users can result in lower overall expenditure because
of an economies of scale effect16. However, intervention costs
largely vary based on the following four aspects: development
phase (new product vs. modified version), scaling-up effects
(small vs. large number of users), overestimation of costs (small
number of study participants), and efficiency (improving
productivity vs. additional costs when newly implemented)21.
In addition, IMIs are likely to reduce healthcare costs compared
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with traditional face-to-face treatment, as IMIs reduce costs
stemming from therapist’s time and patient’s travel to health
services22. Hence, IMIs are often touted to be cost-effective
despite the weak evidence base for their cost-effectiveness.
Several systematic reviews have attempted to establish the

cost-effectiveness of IMIs for MDs in comparison with various
control groups. However, the presented evidence on whether IMIs
for MDs provide good value for money is inconclusive because
some reviews included only few internet-based studies: n= 323,
n= 424, N= 1225, n= 126, and n= 527. In addition, 6 of 8 reviews
can be considered obsolete today with the latest primary study
stemming from 201622–25,27,28, whereas many more studies have
since been published, e.g., 26 identified ongoing cost-
effectiveness studies for major depression25. Moreover, previous
reviews used broad definitions of IMIs, e.g., any internet or web
enabled platform for diagnosis, screening, treatment, prevention,
training, education, or facilitating self-management of MDs29.
Finally, previous reviews have not always included full health
economic evaluations, but have reported costs and effects without
relating them to each other23,29, and if they did, they only focused
on internet-based cognitive behavioral therapy (iCBT)22. Likewise,
there exist only a few economic evaluations for common
treatment options (different types of psychotherapy, pharmaco-
logical interventions, such as antidepressants) for depression30

and anxiety disorders24. Some evidence shows that psychotherapy
might be cost-effective compared with pharmacological
interventions.
Therefore, a comprehensive overview of the state-of-the-art

evidence of IMIs across MDs and symptoms including studies with
good methodological quality and full economic evaluations are
needed to enable better comparisons and obtain reliable
conclusions on guidance, cost perspective, and psychological
interventions other than iCBT.
In view of the disease and economic burden of MDs, first, we

evaluated whether IMIs for the prevention and treatment of
common MDs represent good value for money. Second, we
assessed whether these interventions have a good

methodological quality. In this respect, our review provides
additional evidence to decision makers31 to make informed
decisions on the allocation of scarce resources to provide
sustainable healthcare.

RESULTS
Study selection
A total of 4044 articles were identified, of which 2951 duplicates
and non-relevant studies were removed. Of the 277 full text
articles, 36 were eligible for inclusion (Fig. 1), referring to
32 studies. One study was assessed by three articles, and two
studies were assessed by two articles. These articles differed by
perspectives taken32–35, time horizons used36,37, or type of
analysis36,38 used for the evaluation.

Study characteristics
Table 1 lists relevant study characteristics. Of the 32 studies, 5
have 3 and 1 has 4 comparison groups, whereas 27 only compare
2 groups. In three studies, the same IMI was evaluated39–42. The
included studies encompassed a total of 10,083 participants. The
studies were published between 2010 and 2021 and originated
from Australia (n= 2), Canada (n= 1), Germany (n= 7), Nether-
lands (n= 8), United Kingdom (n= 6), Spain (n= 1), and Sweden
(n= 10). On average, studies were published in 2015, and most
studies were published in 2014 (n= 7) and 2017 (n= 6). All
studies targeted an adult population, except for four studies that
were either directed at adolescents (aged 12–19 years, n= 2) or
people aged >65 years (n= 2). Participants were recruited from
primary care (n= 3481), workplace (n= 1260), general population
(n= 4581), or a mixed setting (n= 1057, primary/secondary care
and general population). Most of the participants were female
(n= 7282; 72%) and aged 40 years (mean age 42, SD= 13).
The majority of the studies targeted major depressive disorder
(MDD) or depressive symptoms (n= 15), followed by anxiety
disorders (n= 7), and obsessive-compulsive disorder (OCD, n= 4).

4,044 records iden�fied by literature search
• Medline: 2,884
• PsycInfo: 378
• Central: 673
• Psyndex: 12
• NHS EED HTA: 95
• Other sources: 2

1,093 records a�er duplicates removed

1,093 records‘ abstracts screened

277 full-text ar�cles assessed for eligibility

36 studies included in review 

241 records excluded
• Modeling studies: 54
• No inclusion of symptoms: 42
• No psychological interven�on: 47
• Other language: 6
• No full economic evalua�on: 71
• Other: 21

noitacifitnedI
Sc
re
en

in
g

El
ig
ib
ili
ty

In
clu

de
d

816 records excluded
• No economic evalua�on: 315
• No internet usage: 185
• Insufficient outcome data, protocol

or conference abstract: 152
• No randomiza�on: 164

Fig. 1 PRISMA flow diagram. Using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses as a screening process, a total of
36 studies were included in the study.
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Other studies have evaluated sleep disorders (n= 2), elevated
stress levels (n= 2), posttraumatic stress disorder (PTSD, n= 1),
and suicidal ideation (n= 1). Most studies evaluated guided
(n= 21) or unguided (n= 9) interventions, and only two evaluated
both guided and unguided IMIs. Most IMIs were based on iCBT
(n= 35), problem-solving therapy (iPST; n= 3), mixed approaches
combining different aspects such as problem-solving and emotion
regulation (iMA; n= 2), positive psychology (iPPI; n= 1), and
preventive cognitive therapy (iPCT, n= 1). On average, an
intervention consisted of 7.9 (2–15) sessions and was most often
compared with a wait-listed control group (WLC; n= 12). Further
details of the studies are presented in Table 1.
Most studies (n= 16) conducted both a cost-effectiveness analysis

(CEA) and a cost-utility analysis (CUA). Other studies focused solely
on either CUAs (n= 10) or CEAs (n= 4). Three studies conducted a
cost-benefit analysis (CBA) in addition to CEA and CUA. The included
studies differed in perspectives taken: societal (n= 15), healthcare
(n= 6), and both perspectives (n= 9). In the remaining studies, the
employer’s perspective (n= 3) alone or in combination with other
perspectives were applied. One study conducted a cost-
minimization analysis (CMA). Three studies did not report the study
perspective. The time horizon of the follow-ups varied across studies
ranging from ≤3 months (n= 12), >3 to ≤6 months (n= 8), >6 to
≤12 months (n= 9) to 2 years (n= 4).

Quality assessment
Table 2 contains the Consensus on Health Economic Criteria
(CHEC) quality scores. The quality of studies was mainly good
(average total score= 85%, range 56–100%). Three studies met all
CHEC criteria34,43,44, whereas three studies showed average
quality41,45,46. Common reasons for the lower quality were the
lack of reporting on the generalizability of the results (n= 29), an
insufficient time horizon (n= 16), or lack of sensitivity analyses
(n= 8). All studies met the items on appropriateness of the
economic study designs and outcome measurement.
Regarding risk of bias (RoB), most studies showed good (n= 22),

and only a few studies showed fair (n= 10) or poor (n= 4) quality
(Fig. 2 and Table 3). Detection, attrition, and selection bias were
low. By contrast, reporting bias (n= 9) and other biases were high
(n= 14). Selective reporting may arise when outcomes for a CEA
are not sufficiently described in study protocols and outcome
paper. Other biases may arise when there are insufficient
information or limitations because of the high complexity of
assessing outcomes, e.g., the annualization of short term costs. The
agreement for CHEC and RoB between the two raters with Cohen’s
kappa (κ)= 0.90–0.91 can be considered almost perfect47.

Findings of included studies
Supplementary Table 1 displays the following characteristics and
outcomes for each of the included health economic evaluations:
perspective taken, cost categories used, type of health outcome
and measurements, mean incremental cost-effectiveness ratio
(ICER) or cost-utility ratio (ICUR) and its position in the quadrant of
the cost-effectiveness plane, and probabilities of the intervention
being cost-effective given various willingness to pay (WTP)
thresholds. This table lists all costs in national currency units
and for the index year as published by the primary studies. In the
next section, probabilities are only listed if reported in the studies:
CUA, WTP threshold of £30.000 per QALY gained; CEA, WTP of £0
per additional, e.g., treatment responder.

MDD
Treatment of MDD, minor/subthreshold depression, and depressive
symptoms. Fifteen studies evaluated IMIs for MDD (n= 8) and
depressive symptoms (n= 5), whereas two studies focused on
depression onset and relapse prevention. The control conditionsTa
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consisted of alternative guidance formats: iPST, iPPI, iPCT, standard
care, stepped care pathway, treatment as usual (TAU), WLC, and
attention control (AC). Depressive symptom severity at baseline
had no recognizable effect on cost-effectiveness.
One-third of the studies (n= 5) evaluated unguided IMIs based

on CBT (n= 4) or positive psychology (n= 148). As for unguided
IMIs compared with TAU (n= 3), results from the CUA conducted
from the healthcare perspective after 1–2 years did not suggest an
economic merit40,49 (at a WTP threshold of £30,000, the probability
of cost-effectiveness varied: CUA= 4–38%). However, findings
from the societal perspective suggested that one IMI50 had an
acceptable likelihood of being cost-effective (at WTP= 0, CEA=
70%; at WTP= £30,000; CUA= 55%). Compared with WLC or AC
(n= 2), unguided IMIs from the societal perspective provided only
little and unclear evidence for cost-effectiveness (at the WTP= 0,
CEA= 20%48; CUA was not reported41).
Six of the 15 studies evaluated guided IMIs based on iCBT

(n= 4) or iPST (n= 2). Two guided IMIs were compared with TAU
and showed opposing results after 6–12 months. Findings from
the societal perspective showed a moderate-to-acceptable like-
lihood of being cost-effective (at WTP= 0, CEA= 4851–62%52),
one above52 and one below51 the proposed threshold of £30,000.
From the employer’s perspective, one IMI was the dominant
treatment option (WTP= 0, CEA= 55%)52.
Four guided53–56 IMIs, compared with WLC, were considered

cost-effective (<£30,000 per QALY gained, probabilities ranging
from 5553 to 98%55) from the societal and healthcare perspective.
Results of the cost-effectiveness analyses were unclear54 or
showed a low likelihood of being cost-effective at a WTP of nil
from a societal perspective (CEA= 30–38%53).
Two studies compared similarly effective guided to unguided IMIs

after 12 months. In one study, from the societal perspective, both
IMIs generated less costs than usual care and were judged cost-
effective57 (<£30,000 per QALY gained, probabilities were not
reported). In the other study, from the NHS’ perspective, the guided
IMI resulted in more QALYs gained at lower costs than the unguided
IMI (considered cost-effective, at WTP= £ 30,000, CUA= 55%39).

Prevention of MDD onset and relapse prevention. The remaining
studies evaluating guided IMIs (n= 2) focused on the prevention43

or relapse44 of MDD in comparison with usual care. Findings from
cost-effectiveness analyses employing a societal perspective sug-
gested a moderate likelihood of them being cost-effective, with
probabilities ranging from 38% to 40% at a WTP of nil. CUA showed
a moderate (CUA= 40%44) to acceptable (CUA= 60%43; ICUR <
£30,000 per QALY gained) likelihood of them being cost-effective.
From the healthcare perspective, one IMI43 showed a small
likelihood of being cost-effective per depression-free year gained
(WTP= 0, CEA= 17%) but was considered cost-effective when
below the cost-utility threshold (at WTP= £30,000, CUA= 64%).

Anxiety disorders or symptoms. Eight studies evaluated guided
(n= 5) and unguided (n= 3) IMIs for anxiety disorders based on CBT
compared with TAU, AC, WLC, group-administered CBT (gCBT), or
iMA. The included studies targeted panic disorder (n= 1), general-
ized anxiety disorder (GAD) (n= 1), health anxiety (n= 2), social
anxiety (n= 2), any anxiety disorder (n= 1), and PTSD (n= 1).
Three studies comparing guided IMIs to AC or WLC in the short

term (8–12 weeks) were judged cost-effective from the societal and
healthcare perspectives (<£30,000, per QALY gained, probabilities
>90%46,58,59). Cost-effectiveness analyses showed that the IMIs
dominated the control group by generating less costs at higher
effects from the societal perspective (at WTP= 0, CEA= 6458–95%46).
Two studies comparing guided IMIs with gCBT after 6 months to 4

years provided good evidence for their cost-effectiveness. The first IMI
was cost-effective from the societal perspective in the short and long
term (<£30,000 per QALY gained, CUA= 3437–79%36). Results of the
cost-effectiveness analyses showed that the IMI produced less costs at
higher effects (WTP= 0, CEA= 81%36) in the short term and
increased costs with lower probability of being cost-effective in the
long term (WTP= 0, CEA= 62%37). From a healthcare perspective,
the same IMI was cost-effective based on a CMA (WTP= £30,000,
CMA= 67%38). The second IMI was likewise cost-effective from the
healthcare perspective, being the dominant treatment option
(WTP= 0, CEA= 75%45).
By contrast, for two studies evaluating unguided IMIs, the results

of the cost-utility analyses were considered cost-effective (yet no
probabilities were reported), but the CEA did not support these
findings. The first IMI60 was compared with unguided iMA from a
societal perspective, which resulted in higher costs per responder,
showing low probabilities of being cost-effective (at WTP= 0,
CEA= 8%), but being below the £30,000 threshold per QALY
gained. The second IMI generated less costs per QALY gained than
WLC from both healthcare and societal perspectives61. A third
unguided study compared an unguided IMI (self-help app)
targeting posttraumatic stress62 with TAU from a healthcare
perspective and showed a low probability of cost-effectiveness
(≈27% at WTP= £30,000 per QALY gained).

OCD
Three studies evaluated guided IMIs for OCD based on CBT in
comparison with either self-help book with guidance, WLC, AC, or
a booster session. The evidence for cost-effectiveness was
contradictory regarding QALYs and moderate regarding clinical
outcomes because of heterogeneous control conditions.
From the societal and healthcare perspective, one IMI was cost-

effective compared with AC being below the acceptable threshold
per QALY gained (at WTP £30,000, CUA= 90–95%63). By contrast,
the IMI was judged not cost-effective per additional remission in
the short term (at WTP= 0, CEA= 0–15%) nor per relapse

Fig. 2 Risk of bias assessment. The graph displays the authors’ judgments on risk of bias of each included study, presented as percentage
totals according to the Cochrane Collaborations tool.
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prevented after 2 years when a booster session was offered in a
crossover design (at WTP= 0, CEA= 0–18%64).
Two studies compared IMIs with WLC after 3 months. From the

societal and healthcare perspectives, one study did not report
probabilities of cost-effectiveness nor ICUR65, and the other was
neither cost-effective compared with WLC (ICUR > 30,000 per

QALY gained66, CUA= 35–52%) nor more effective than guided
self-help.

Other mental disorders. Most of the remaining five studies used
CBT (guided, n= 4; unguided, n= 1), and only one intervention
used iMA. The IMIs targeted insomnia, perceived stress or stress-

Table 3. Risk of bias assessment.

Nr Author (ref.) Random sequence
generation
(selection bias)

Allocation
concealment
(selection bias)

Blinding of outcome
assessment
(detection bias)

Incomplete
outcome data
(attrition bias)

Selective reporting
(reporting bias)

Other bias

1 Bolier et al.48 Low risk Unclear risk Low risk Low risk Low risk Unclear risk

2 Buntrock et al.43 Low risk Low risk Low risk Low risk Low risk Low risk

3 Gerhards et al.50 Unclear risk Low risk Low risk Low risk Low risk Low risk

4 Phillips et al.41 Low risk Low risk Low risk High risk High risk High risk

5 Titov et al.56 Low risk Low risk Low risk Low risk Low risk High risk

6 Van Luenen
et al.55

Low risk Low risk Unclear risk Low risk Low risk Unclear risk

7 Brabyn et al.39 Low risk High risk Low risk Low risk Low risk Unclear risk

8 Geraedts et al.52 Low risk Low risk Low risk Low risk Low risk Low risk

9 Hollinghurst
et al.54

Low risk Low risk Unclear risk Low risk Low risk Unclear risk

10 Klein et al.44 Low risk Low risk Low risk Low risk Low risk Low risk

11 Littlewood
et al.40

Low risk Low risk Low risk Low risk Low risk Low risk

12 Nobis et al.51 Low risk Unclear risk Unclear risk Low risk Low risk Unclear risk

13 Romero-Sanchiz
et al.57

Low risk Low risk Low risk Low risk Low risk Low risk

14 Warmerdam
et al.53

Low risk Low risk Low risk Low risk Low risk Low risk

15 Yan et al.49 Low risk Low risk Low risk Low risk Low risk Unclear risk

16 Bergström
et al.45

Low risk Unclear risk Low risk Unclear risk High risk Low risk

17 Dear et al.59 Low risk Low risk Low risk Low risk Unclear risk Unclear risk

18 Nordgren
et al.46

Low risk Low risk Low risk Low risk Unclear risk Low risk

19 Hedman et al.58 Low risk Low risk Low risk Low risk Unclear risk Unclear risk

20 Hedman et al.60 Low risk Low risk Low risk Low risk Low risk Low risk

21 Hedman et al.36 Low risk Low risk Low risk Low risk Unclear risk Low risk

22 Hedman et al.37 Low risk Low risk Low risk Low risk Unclear risk Low risk

23 Alaoui
et al.38, SW

Low risk Low risk Low risk Low risk Low risk Low risk

24 Powell et al.61 Low risk Low risk Low risk Low risk Low risk Unclear risk

25 Andersson
et al.63

Low risk Low risk Low risk Low risk Unclear risk Low risk

26 Andersson
et al.64

High risk High risk Low risk Unclear risk Low risk Low risk

27 Lenhard et al.65 Low risk Unclear risk Low risk Low risk Low risk Unclear risk

28 Lovell et al.66 Low risk Low risk Low risk Low risk Low risk Low risk

29 Röhr et al.62 Low risk Low risk Low risk Low risk Low risk Unclear risk

30 De Bruin et al.67 Low risk Unclear risk Low risk Low risk Low risk Low risk

31 Thiart et al.35 Low risk Low risk Low risk Low risk Low risk Unclear risk

32 Buntrock et al.34 Low risk Low risk Low risk Low risk Low risk Low risk

33 Ebert et al.32 Low risk Low risk Low risk Low risk Low risk Low risk

34 Kählke et al.33 Low risk Low risk Low risk Low risk Low risk Low risk

35 Lindsäter et al.68 Low risk Low risk Low risk Low risk Low risk Low risk

36 Van Spijker
et al.70

Low risk Low risk Low risk Low risk Low risk High risk
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related disorders, or suicidal ideation and showed a moderate to
high probability of cost-effectiveness.
IMIs targeting insomnia were cost-effective per QALY gained

but unconvincing regarding cost-effectiveness analyses. One IMI
was cost-effective compared with WLC and below the threshold
per QALY gained (at WTP= £30,00034, CUA= 99%) from the
societal and healthcare perspectives. Cost-effectiveness analyses
also showed a high probability of being cost-effective, dominating
the WLC per additional treatment responder (CEA= 87%, employ-
er’s perspective35) or symptom-free status (CEA= 94%, societal
perspective34), but generating higher costs from the healthcare
perspective, leading to a low probability of cost-effectiveness
(CEA= 6%34).
Another IMI67 was compared with gCBT from a societal

perspective. Both treatments showed similar effects, and the IMI
led to a high probability of cost-savings while trading off health
gains (at WTP= 0, CEA= 95%) but generating more QALYs (at
WTP= £30.000, CUA= not reported).
IMIs targeting adjustment or exhaustion disorder, or perceived

stress, were mostly cost-effective compared with WLC. Based on
findings of the cost-utility analyses, two IMIs were below the
threshold of £30.000, showing high probabilities of being cost-
effective from the societal perspective (CUA= 7568–79%33). In
addition, findings of the cost-effectiveness analyses showed that
both IMIs dominated the WLC, yielding acceptable probabilities of
cost-effectiveness at a WTP of nil from the employer’s (CEA= 67%69)
and societal (CEA= 70%33) perspectives, but not from the healthcare
perspective (CEA= 12%68) where higher costs were generated.
The only unguided IMI70 targeting suicidal ideation dominated the

WLC, generating a high probability of being cost-effective at a WTP
of nil from the societal perspective (CEA= 92%).

Workplace setting. Cost-benefit analyses evaluating costs rele-
vant to the employer yielded a benefit-to-cost ratio (BCR) > 1
(1.6–3.1) and net-benefit greater zero (181–417), which indicates
that guided IMIs were cost-effective when compared with TAU
and WLC for the treatment of insomnia35, elevated stress69, and
depression52.

Guidance and comparators. The majority of studies evaluated
guided IMIs (n= 24), which were mostly cost-effective, indicated
by ICURs < £30,000/QALY gained, irrespective of the types of
control conditions. However, unguided IMIs (n= 11) showed little
evidence of cost-effectiveness.

DISCUSSION
This review presents a comprehensive overview of trial-based
economic evaluations providing evidence regarding the cost-
effectiveness of IMIs for the prevention and treatment of MDs
and symptoms. This review identified 32 studies applying societal
(n= 24), healthcare (n= 15), and employer’s perspectives (n= 3) in
65 full economic evaluations (CBA, n= 3; CEA, n= 31; CMA, n= 1;
CUA, n= 30).
In half of the CEAs (N= 14; MDD, n= 3; anxiety, n= 5; stress,

n= 3; sleep n= 2; suicidal ideation, n= 1), the IMI was the
dominant treatment option, which means that more health effects
were generated at lower costs in comparison with control
conditions. Of these, two did not report a WTP and five showed a
high probability (≥80%) of being more cost-effective than control
conditions at a WTP of nil. For all CEAs, the range of probability at
WTP of nil varied from 0 to 95%. Regarding cost-utility, most
interventions were cost-effective, being either dominant (n= 13)
and/or below the WTP threshold of £30,000 per QALY gained
(n= 26) compared with any control condition and often regardless
of the perspectives taken. By applying the criterion that an IMI
showed at least an 80% probability of cost-effectiveness at WTP of
£30,000 compared with a control condition (if reported), 11 IMIs

were judged to be cost-effective. Cost-benefit analyses from the
employer’s perspective (n= 3) yielded positive net benefits
representing the money gained after costs were recovered. In
addition, the overall quality of studies (CHEC) was good (n= 30),
only a few were excellent (n= 3) or average (n= 3). Reasons for a
low rating were no discussion of generalizability, short time horizon,
or lack of sensitivity analyses. Regarding RoB, most studies showed
good quality (n= 22), and only few studies (n= 6) showed at least
one item at high risk of bias.
Our findings expand and strengthen the evidence base for the

cost-effectiveness of IMIs. First, our findings support the evidence
of cost-effectiveness of guided IMIs for depression and anxi-
ety24,25,27–29. Second, our review includes new evidence related to
under-researched disorders such as OCD (n= 4), PTSD (n= 1),
stress (n= 3), and sleep (n= 2). However, given the limited
number of studies, more evidence is needed.
The strength of this review is related to the comprehensive and

systematic search strategy in several electronic databases for
common MDs and problems, and the resulting health-economic
comparisons. The quality of studies was assessed on the
methodology of cost-effectiveness analyses and RoB. To further
improve comparability and clarity, economic outcomes were
converted to Pound Sterling for the reference year 2020 and
mapped to the quadrant of the cost-effectiveness plane in which
the mean ICER fell (as far as reported in the primary studies).
Likewise, unified thresholds and transparent criteria proposed by
the authors were used.
However, the comparability of evidence across the studies was

hampered by the high heterogeneity stemming from different
study designs, methods, study populations, outcome measures,
time horizons, comparators, economic perspectives, cost items,
and their evaluation. As a case in point, the operationalization of
societal costs and intervention costs varied widely. The costs of
development and maintenance of the IMIs were often not
included or incompletely reported, leading to a possible under-
estimation of intervention costs. Half of the studies (n= 16) did
not report intervention costs or only valued the time for the
therapist needed to support the participants.
Another limitation is the lack of interpretability regarding cost-

effectiveness, as the WTP for diagnosis-specific measures (e.g.,
symptom-free, reliable change) is unknown and the WTP thresh-
old for QALYs is somewhat arbitrary, as universally accepted
thresholds are unavailable71. For healthcare decision-making,
several countries compared ICER to a reference value (generic
cost-effectiveness threshold) that represents the maximum cost
the health system is willing to pay for a health outcome. These
generic thresholds vary largely depending on the methods (e.g.,
per capita income, benchmarking interventions, and leagues
tables: ranking the ICERs of interventions given a specific budget)
and setting71. An international survey assessing the individual
WTP for one additional QALY gained showed that the thresholds
vary between countries (e.g., Taiwan 2.14 times the UK’s per QALY
gained)72. Consequently, higher thresholds lead to interventions
being adopted earlier than in countries with lower thresholds.
Beyond the narrow cost-effectiveness arguments, other criteria of
health technology assessment should also be considered for
decision-making purposes (e.g., disease burden, prognosis,
medical ethics, access, equity, feasibility of implementation and
scale-up of the interventions, and acceptability of the intervention
by its intended recipients)73. Furthermore, most health-economic
evaluations alongside randomized controlled trials (RCTs) are not
powered to detect differences in costs nor QALYs. This might
result in non-significant differences in costs and QALYs, which can
lead to wider uncertainty intervals surrounding the ICER
estimates74. Moreover, some studies (n= 3) only collected data
over a short period of the study duration and annualized effects
and costs. In addition, in some studies (n= 6), the uncertainty
surrounding the ICER point estimates was not clear because
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neither the CEA plane nor the cost-effectiveness acceptability
curve where reported. As all studies were conducted in Western
countries, especially in the NW Europe, the generalizability of
results is restricted to these regions. In this regard, selection bias
could have been introduced, as only studies published in German
and English were included.
The results may lead to several clinical implications. The

review could be important for decision-makers when allocating
scant resources to meet the demands for the many in need of
sustainable healthcare. With the increasing use of economic
data in decision-making in public mental health and the
increasing societal and economic burden of MDs, consideration
of the cost-effectiveness of psychological preventive interven-
tions and treatments is becoming increasingly important. IMIs
might be an important way forward. Moreover, since the COVID-
19 pandemic, increasing numbers of patients and health
services had to shift toward IMIs for the receipt and delivery
of mental healthcare. Thus, this may have paved the way for
scaled-up uptake of IMIs.
Despite the high heterogeneity stemming from intervention types

and comparators of the included studies, some promising trends
toward specific mental health targets were seen. Recommendations
for policy makers and relevant stakeholders can be made, relating to
existing NHS guidelines75 for the application of low-intensity
psychosocial interventions in depression and anxiety. Based on
our results, guided IMIs for MDD and anxiety disorders should be
offered as treatment option. The evidence regarding the cost-
effectiveness of under-researched disorders (e.g., OCD, sleep, and
stress) and of unguided interventions is limited, and offering such
interventions should rely on case-by-case decisions. However,
unguided IMIs are scalable and easy to implement, showing a high
potential to make an impact at a population level.
Besides these recommendations related to financial aspects,

the implementation setting, target population, symptom
severity and disorders should be considered. In addition,
knowledge about diverse stakeholders’ views and values
relevant to priority setting enables decision-makers to make
better-informed decisions and appropriate judgments about
allocation of scant resources.
In practice, most healthcare providers are receptive to the

advantages of IMIs as part of their treatment. However, IMIs
should meet the criteria of government reimbursement mechan-
isms, like the National Institute for Health and Clinical Excellence’s
(NICE) in the UK or the one for digital health applications in
medical and psychotherapeutic care in Germany, to become
sustainable. Such criteria include evidence on effectiveness,
interoperability, safety, and data security76.
Following this, we provide several recommendations for future

research. First, various anxiety disorders such as panic disorder,
GAD, and social anxiety were underrepresented, and disorders
such as specific phobias were not found for this review. Moreover,
studies were only conducted in resource-rich high-income
countries. Hence, we recommend focusing on under-researched
disorders and conducting research in low- and middle-income
countries.
Second, we recommend publishing study protocols that adhere

to economic evaluation guidelines (ISPOR77 and CHEERS78) and
quality checklists (Drummond31 and CHEC79), thereby minimizing
biases and improving study quality (e.g., reporting of uncertainty,
sensitivity analysis and combined reporting of disease-specific and
generic health outcomes to facilitate comparability, and inter-
pretation for decision-making).
Third, the cost-effectiveness of IMIs for MDs and symptoms was

frequently based on short term findings (6–16 weeks, n= 13),
whereas the remaining studies reported findings based on
moderate (6–12 months, n= 14) to long follow-up periods (2–4
years, n= 3). We recommend conducting economic evaluations
over longer follow-up periods to better capture longer-term

productivity losses and gains, especially in preventive interven-
tions in remittent disorders, such as anxiety disorders.
Fourth, more research is needed on IMIs compared with active

control condition across all disorders to establish the cost-
effectiveness of IMIs as possible alternative to face-to-face
treatments.
Fifth, studies are needed to carefully choose the perspectives

taken depending on the decision maker, target population,
disorder, or setting. For employers, productivity losses are most
important, whereas from a healthcare system’s perspective, a
high healthcare coverage for people affected by disorders is
prioritized.
Finally, the acceptability of an IMI among patients and relevant

stakeholders is worth investigating to provide more insights
pertinent for the implementation, uptake, and use thereof.
In conclusion, this systematic review provides an overview of

economic evaluations of internet-based interventions for the
treatment and prevention of MDs. Guided iCBTs for anxiety
disorders and MDD showed a high probability of being cost-
effective. IMIs for insomnia, suicidal ideation, and stress had the
potential of being cost-effective, whereas the evidence base for
the cost-effectiveness of IMIs in OCD was not very firm. Although
many studies were identified, more robust conclusions about
the cost-effectiveness of IMIs could not be reached given the
high heterogeneity across the studies with regard to methodol-
ogies, interventions, and comparators in a range of disorders
and symptoms among various populations and age groups.
More cost-effectiveness research is warranted in unguided and
preventive IMIs that are proven to be effective, specifically in
under-researched disorders and symptoms and preferably over
longer time horizons. From a methodological perspective, future
studies should more stringently adhere to existing health-
economic guidelines to increase comparability and enhance
their value for decision-making purposes in healthcare.

METHODS
The guidelines of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses80 and preparation for systematic
reviews of economic evaluations81 were followed. This systematic
review was registered in the international prospective register of
systematic reviews, PROSPERO (CRD4201809380882).

Search strategy
An extensive literature search was conducted, using the following
electronic databases: MEDLINE, PsycINFO, Cochrane Central
Register of Controlled Trials (CENTRAL), PSYNDEX, and National
Health Service (NHS) Economic Evaluations Database. Relevant
articles published before 10/05/2021 were identified using
standardized subject terms. A search strategy consisting of four
main categories was applied for each database selecting articles
referring to (1) intervention, treatment, prevention, or psychother-
apy; (2) MDs, (3) internet, online, or mobile-based; and (4)
economic evaluation (Supplementary Table 2).

Eligibility criteria
Studies were eligible for inclusion if they met the following
inclusion criteria:
Population: participants regardless of age with a diagnosis of

MD or symptoms such as MDD, dysthymia, bipolar disorder, social
phobia, panic disorder, GAD, PTSD, OCD, specific phobia, and
separation anxiety, sleep disorders, or transdiagnostic key
symptoms such as suicidal thoughts, and psychological distress,
all of which were required to be assessed with validated self-
report questionnaires or being based on diagnostic interviews.
Intervention: psychological interventions that are provided in an

online setting, defined as internet-, online-, web-, or mobile-based
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and grounded in CBT, interpersonal therapy, problem-solving
therapy, positive psychology intervention, psychodynamic thera-
pies, behavior therapy or behavior modification, systemic
therapies, third-wave cognitive behavioral therapies, humanistic
therapies, or integrative therapies. Internet-based interventions
can be “guided”, offering patients human support by a
psychotherapist via email or chat or automated feedback delivery,
or “unguided”, only offering self-help interventions without any
additional human support.
Comparator: included one of the following control groups:

another psychological intervention, TAU, WLC, or AC group.
Outcome measures: reported economic evaluation estimates

based on CEA, CUA, CBA, and CMA of a full economic evaluation,
which means that the study compared both costs and effects (e.g.,
QALYs, treatment response, relapse avoided, and remission) of
two or more alternatives.
Study types: RCTs, full texts are accessible as peer-reviewed

papers, in English or German.
Studies were excluded if the intervention was not delivered

online. IMIs were excluded when provided in combination with a
face-to-face or video-based sessions delivered by a therapist (i.e.,
blended intervention). Studies were excluded if they did not report a
meaningful outcome measure for economic evaluation (e.g., point
improvement on an ordinal scale). Health-economic modeling
studies were excluded because of methodological differences
compared with trial-based economic evaluations (e.g., not directly
based on observational data) limiting internal validity of the review.
Conference abstracts, protocol papers, non-peer-reviewed papers,
cost of illness, observational studies, cohort studies, case studies,
pilot studies, and feasibility studies were also excluded.

Study selection and extraction
First, titles and abstracts of the identified articles were screened.
Then, studies were evaluated whether they met the criteria in full
text by two independent researchers, F.K. and C.B. Disagreement
was discussed and/or a third reviewer (D.D.E.) consulted. Interrater
agreement (Cohen’s kappa) of the two reviewers was examined.
Data of eligible studies were extracted using the Consolidated

Health Economic Evaluation Reporting Standards Checklist78: (1)
characteristics of participants (setting, age, sex, and screened
symptoms/diagnosis), (2) study design (sample size, trial arms, and
assessment points), (3) intervention (psychological approach,
guidance, and length of intervention), (4) economic outcome
measures, (5) type of economic evaluation, (6) characteristics of
derived costs (cost categories, cost data sources, price year,
currency, and mean incremental costs), (7) perspective of
economic evaluation, and (8) cost-effectiveness estimates, such
as incremental costs (i.e., cost difference between IMI and
comparator), incremental effects, ICER, and ICER acceptability for
various WTP levels.

Summary measures
Only base-cases analyses adhering to the intention-to-treat (ITT)
principle were reported. Cost-effectiveness is ascertained when an
intervention dominates the alternative, so it is both more effective
and less costly or provides a greater outcome at higher costs that
the society is willing to pay for31. In practice, interventions often
show greater effects for higher costs. The efficacy of interventions
is one of the indicators for their cost-effectiveness, as it represents
the denominator of the ICER. Consequently, most often, the
investment required for obtaining a favorable health outcome
decreases with increasing effectiveness. Therefore, more effective
treatments have a higher probability of being cost-effective. The
relative effectiveness of an intervention is further influenced by its
comparator, with smaller incremental effects in active comparator
interventions to larger incremental effects in passive control
groups4. Similarly, the level of therapist-led guidance in IMIs

induces some effect moderation because it adds costs to an IMI,
but may also enhance its effectiveness4,83. This is important when
making conclusions about incremental cost-effectiveness. In this
review, IMIs were judged to be cost-effective when:

● the IMI was dominant, i.e., the IMI’s effect was better, and its
costs were lower than those of the comparator;

● the costs per QALY was below the WTP of £30,000 as
suggested by the NICE84;

● studies using disease-specific clinical outcome such as
treatment response, reliable change, were judged to be
cost-effective when the probability of cost-effectiveness at a
WTP of £0 was 80% or higher, which provides a high level of
certainty for decision-making.

This means that the intervention is estimated to be more
effective and costly in 80% of the cases. This criterion can be seen
as conservative, as most interventions show higher effects at
higher costs than alternative interventions. Again, as no thresholds
for the WTP of these units of effect exist, applicable studies should
be judged individually by decision-makers.
To facilitate comparison between countries, all national

currencies were converted to Pound Sterling for the price year
202085. First, the currency of the study was indexed to a 2020
equivalent by country-specific gross domestic product inflators
(e.g., euro area 19) and then converted to Pound Sterling (£) using
purchasing power parities86.

Quality assessment
The quality of health-economic evaluations was assessed using
the CHEC79. This 20-item checklist was developed to evaluate the
methodological quality (internal and external validity) of economic
evaluations. The total score is expressed as the percentage of the
maximum score for each study. A summary quality score was
calculated24 (percentage of criteria met by each study [range:
0–100%]) based on a scoring of “yes” (= 1), “suboptimal” (= 0.5),
“no” (= 0), not applicable (NA)24. The following quality categories
were used: excellent (100–95%), good (75–94%), average
(50–74%), and poor (<50%).
In addition, Cochrane Collaboration’s tool for assessing RoB was

used87 to determine selection, performance, detection, attrition,
reporting, and other bias in research studies. Each item was rated
as high, low, unclear RoB, or NA. Performance bias was not
assessed, as participants and personnel cannot be blinded due to
the nature of IMIs. Furthermore, detection bias was always rated as
low, as IMIs commonly rely on self-report instruments. Incomplete
outcome data were rated as low risk when data analysis was
conducted in accordance with the ITT principle. RoB was
converted to the Agency for Healthcare Research and Quality88

standards (i.e., good, fair, or poor quality). RoB and CHEC were
rated independently by F.K. and C.B. Disagreement was discussed
or resolved by a third reviewer (D.D.E.).

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this article.
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4. General Discussion 

4.1 Aims of this thesis  

The primary aim of this thesis is to support decision-makers’ informed choice when 

allocating scarce resources in the health sector. This discussion section summarizes and exam-

ines the findings of three studies by answering the following questions:  

 

How do the studies’ results compare to previous research on internet- and mobile-

based interventions (IMIs) targeting social anxiety disorder (SAD) and stress, and to existing 

systematic evidence on health economic effects? What are the limitations of the presented 

studies? What are the clinical implications? What future research is still needed? Finally, a brief 

general conclusion of this thesis is presented. 

4.2 Main findings 

Below, a summary of the main findings of this thesis is presented. For an extended ver-

sion, see the included studies’ overall summary or the specific articles respectively. In Study 

One, results from our randomized controlled trial (RCT) of an unguided web-based intervention 

targeting SAD in students indicated moderate and large effect sizes on SAD symptoms for the 

intervention as compared with the waitlist control (WLC) group at post-treatment. Effects were 

sustained at 6-month follow-up (FU). In addition, the intervention showed a promising likeli-

hood of being more cost-effective from both a societal and healthcare perspective compared 

with the WLC group with access to usual care.  

In Study Two, the health economic evaluation of a guided internet-based stress man-

agement intervention (iSMI) was compared with WLC. The intervention yielded a positive net 

benefit, revealing a favorable likelihood of being cost-effective per additional symptom-free 

person when examined from the employer’s perspective. From the societal perspective, the 

iSMI showed a promising likelihood of being cost-effective compared with the control group, 

achieving an additional symptom-free person and a quality-adjusted life year (QALY) gained.  

In Study Three, a systematic review on cost-effectiveness of IMIs for the prevention and 

treatment of common mental health problems found that guided interventions targeting de-

pression and anxiety had favorable probabilities of being more cost-effective when compared 
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with various control conditions. Though, more evidence was needed to draw further conclu-

sions.  

4.3 Comparison with previous research 

4.3.1 Study 1 

This RCT of an unguided self-help intervention targeting students diagnosed with SAD 

is one of few in existence. Treating SAD in students yielded moderate to large between-group 

effect sizes on the primary outcome measures at post-treatment (Social Interaction Anxiety 

Scale (SIAS): d = 0.55, 95% confidence interval (CI) [0.27, 0.83]; Social Phobia Scale (SPS): d = 

0.76, 95% CI [0.47, 1.04])95 that were maintained at 6-month FU (SIAS: d = 0.59; 95% CI [0.30, 

0.87]; SPS d = 0.83, 95% CI [0.54, 1.1])144.  

These findings are in line with the results of a recent systematic review and meta-anal-

ysis on internet-based cognitive behavioral therapy (iCBT) for SAD145. The effect sizes were 

moderate to large for both unguided iCBT (g = 0.68, 95% CI [0.94, 0.41]) and guided iCBT (g = 

0.81 95% CI [0.63, 0.99]) compared with WLC at post-treatment145. Subgroup analysis yielded 

no significant difference in effects of iCBT compared with face-to-face (F2F) cognitive behav-

ioral therapy (CBT) (g = -0.07; 95% CI [-0.24, 0.10]) or guided internet-based CBT (iCBT) com-

pared with unguided iCBT (𝜒2 = 0.96, df = 2, p = 0.62, I2 = 0%)145. Effects on SAD could be 

maintained after 6 months (g = -0.08, 95% CI [-0.27, -0.11]) and at 12 months (g = -0.17, 95% 

CI [-0.34, -0.01]).  

To date, two other studies not included in the meta-analysis have examined the effects 

of CBT in unguided IMI targeting SAD patients in the general population. The first study com-

pared transdiagnostic CBT to disorder-specific CBT and guided versus self-guided internet-de-

livered treatment, yielding only minor differences between groups146. The self-guided interven-

tion resulted in large within-group effect sizes (d = 1.01, 95% CI [0.71, 1.30]) from pre to post-

treatment and from pre to 12 months follow-up (d = 1.5, 95% CI [1.19, 1.82])146. The results are 

comparable to the effect of our study at post-test (for instance, SPS d = 1.14 (95% CI [0.71, 

1.30]) and at 6 months (SPS, d = 1.27, 95% CI [0.96, 1.57]). The second study (N = 2,116) found 

a significant change in the Social Phobia Inventory (SPIN-17) score of -1.94 (95% CI [-3.13, -

0.75]) between intervention and WLC group, equating to small and persistent effects at post-

test (d = 0.2, pooled standard deviation (SD) 9.81) that were maintained at 12 months (-3.07, 

95% CI [-4.32, -1.82])147. This small effect might be explained by the large number of partici-

pants reporting subclinical symptoms and not meeting diagnostic criteria for SAD (SPIN-17: 
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Mean 39.61 [SD 13.14]). Also, in contrast to our study, the trial was fully automated, including 

no researcher contact to promote engagement or adherence to the intervention.  

In addition, our intervention showed small to large between-group effects sizes on the 

secondary outcomes having d = 0.23 (95% CI [0.05, 0.50]) on QALYs, d = 0.45 (95% CI [0.17, 

0.73]) on depressive symptoms, and d = 0.76 (95% CI [0.47, 1.05]) for social anxiety symptoms 

(measured via Liebowitz Social Anxiety Scale (LSAS)) at 6-months FU. These effects were lower 

compared to the first study146 and higher compared to the second study147, possibly due to 

symptom severity at baseline moderating the intervention effect148.  

On the topic of university students, two other studies examined fear of public speak-

ing69,76 and SAD. These were already included in the previous meta-analytic evidence144. One 

additional IMI focusing on a non-clinical sample of university students with SAD symptoms 

yielded a small effect (t172 = 2.21, p = 0.04, d = 0.32) compared with WLC at 4 months post-

test149. Again, these smaller effects (compared to our study) may be explained by the usage of 

a non-clinical sample. Non-clinical samples are characterized by lower baseline scores and se-

verity of SAD symptoms, resulting in less potential room for growth or improvement, which 

could limit the observed treatment effect. 

To the best of my knowledge, this was the first trial-based health economic evaluation 

of an unguided self-help intervention in university students diagnosed with SAD. The interven-

tion generated lower costs (€-321, 95% CI [-862, 66]) and significant QALY gains (0.046, 95% CI 

[0.024, 0.68]) compared with the control group. Thus, the IMI was the dominant treatment 

option, showing a 92%–93% probability of being cost-effective when compared to WLC (from 

a societal perspective) at a willingness to pay (WTP) of €0 per symptom-free status and QALY 

gained. From the healthcare perspective, higher effects at higher cost were generated, leading 

to a 96% likelihood of the intervention of being cost-effective compared with WLC at a WTP of 

€6,000 per symptom-free status and QALY gained.  

There currently exist only three other economic evaluation of IMIs targeting SAD. One 

guided IMI generated less costs and better effects and showed acceptable probabilities of be-

ing cost-effective at 6-month (81%)88 and 4-year FU (61%)150 at WTP of zero, compared with 

group CBT. Another study compared a guided IMI to a F2F treatment and examined the costs 

for the therapist time only90, which resulted in unclear findings due to lack of reporting. The 

third study and sole other economic evaluation of an unguided IMI compared with a WLC was 

judged to be cost-effective. A cost utility analysis from a healthcare and social care perspective 

at 12-month FU showed that the IMI was cost-effective and dominant, with less costs and more 

QALYs gained compared with WLC. Unfortunately, the probability of cost-effectiveness was not 



 

136 

reported, thus no further comparison can be made147. Despite methodological differences, ev-

idence is converging to support favorable levels of cost-effectiveness and cost-savings.  

 

4.3.2 Study 2 

Two health economic analyses of this iSMI targeting employees with elevated stress 

were conducted from an employer’s and the societal perspective. The between-group effect 

size of the iSMI on perceived stress (d = 0.83151) was in line with meta-analytic evidence of SMI 

and systematic evidence of workplace interventions81,152–154. To the best of my knowledge, no 

evidence exists regarding the cost-effectiveness of an iSMI compared with WLC. However, 

there exists cost-effectiveness evidence of interventions targeting mental health symptoms at 

the workplace and two internet-based interventions demonstrating positive effects and cost 

reductions from the employer’s perspective. 

A recent systematic review on cost-effectiveness found that interventions targeting 

employees with elevated risk for mental health problems were cost-saving, reporting a return 

of investment (ROI) of US$1.5 to US$7 per 1 dollar invested respectively155. Our study showed 

comparable results generating €1.61 per 1 euro invested in the intervention (61% of profit per 

euro invested; 95% CI [-220, 350]). Additionally, our study yielded a positive net benefit of €181 

(95% CI [-643, 1042]). This supports the existing health economic evidence of two IMIs at the 

workplace analyzed from the employer’s perspective. One study on insomnia showed a positive 

net-benefit of €418 (95% CI [593.03, 1488.70]) per participant and a ROI of 208% (95% CI [-

296.52, 744.35])156.  

Another intervention targeting workers with depressive symptoms compared with care 

as usual showed a ROI of 178% (95% CI [-2466, 2863]) and a net benefit of €508 (95% CI [-7029, 

8160])157. The intervention’s probability of being cost-effective in comparison to control group 

per clinically significant change was 55% at a WTP of 0 compared with 67% in our study. Yet, 

this study only resulted in very small and non-significant clinical changes between groups.  

Our economic evaluation from the societal perspective showed an acceptable likeli-

hood that the intervention is cost-effective compared with WLC. When the society is not willing 

to pay anything to get an additional positive outcome (WTP = €0), there was a 70% and 69% 

probability that the intervention is more cost-effective than WLC per symptom-free person and 

QALY gained, respectively. At a conservative WTP threshold of €20,000 (US$25,800) per QALY 

gained this probability rose to 76%. Our results match findings of a study on stress-related 
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adjustment and exhaustion disorder showing that guided iCBT dominated WLC regarding re-

mission rate and QALYs gained, respectively, showing an 60% probability of cost-effectiveness 

at a WTP of £0 for both outcomes from a societal perspective after 3 months158. Likewise, a 

study comparing an iSMI to an iCBT for adults with severe health anxiety showed large effect 

sizes and cost reductions for both interventions. Yet, the iCBT was judged cost-effective com-

pared with iSMI, which generated higher costs per clinical significant improvement and QALY 

gained159.  

4.3.3 Study 3  

The rationale for conducting the systematic review on cost-effectiveness of psycholog-

ical IMIs targeting mental symptoms was founded in the desire to generate more evidence of 

IMI’s cost-effectiveness compared to other treatment options. This was necessary due to out-

dated systematic evidence and few available health economic evaluations. Over the past five 

years, many more studies were conducted, which has prompted several new reviews of cost-

effectiveness related to specific fields, disorders, or age groups. Yet, the overall number of 

studies is still limited, and while some evidence is promising, other evidence is inconclusive.  

To date, only two systematic reviews focused on a wider range of mental health prob-

lems in IMIs. The first review only included studies published until the year 201485. The second, 

more recent review on major depressive and anxiety disorders, focused on a variety of different 

intervention types (screening, diagnostic, observational) that often only reported costs, but 

contained no full health economic evaluations160. Both systematic reviews and our findings in-

dicated that guided IMIs targeting anxiety and depression show a favorable likelihood of being 

more cost-effective in comparison to control groups. The results are consistent with previous 

reviews of these disorders86,87,161. Furthermore, reviews on a wider range of interventions in 

mental health prevention and promotion155 and depression prevention161 showed the potential 

to be cost-effective and cost-saving, but highlight that more evidence is needed before firm 

conclusions may be drawn. In our review and others, the findings and conclusions are limited 

by inconsistent evidence, to the high heterogeneity of included studies, and non-adherence to 

economic reporting standards. In general, evidence gaps have been identified in under-re-

searched disorders162,163, in low and middle income countries164, and in youth165.  

The health economic evaluations I conducted focus on the prevention (Study Two) and 

treatment (Study One) of mental disorders and are only a few of the many new studies showing 

acceptable to high probabilities of IMIs being cost-effective. Based on the accelerated growth 
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of health economic studies in the recent years, we can soon expect the newly bolstered body 

of evidence to facilitate drawing further conclusions about the cost-effectiveness of IMIs in 

mental health.  

4.4 Limitations 

Study One showed promising results and relatively low attrition rate at 6-month FU 

compared with other unguided studies166. It had balanced participant characteristics, included 

a full health economic evaluation that adhered to guidelines and yielded robust findings across 

sensitivity analyses. Study Two likewise yielded favorable results based on two full health eco-

nomic evaluations. Nevertheless, several study limitations such as design imperfections, the 

used comparators, the reliance on self-reported data, and the limited time-horizon need to be 

considered and are discussed for both studies below as they share common characteristics. 

First, a WLC group design with unrestricted access to treatment as usual (TAU) was 

used. Before starting the trial, patients were informed about how and where to seek help if 

needed, and the patients’ use of medication or TAU (e.g., psychotherapy) remained unre-

stricted. Nonetheless, potential nocebo effects (e.g., worsening of symptoms) could have ap-

peared in the control condition167. Patients in the WLC experienced delayed access to the treat-

ment and may have been less motivated to seek additional help, resulting in overaccentuated 

treatment effects168. As recommended for health economic evaluations169, a standard care 

comparator (e.g., F2F treatment) would have been superior for informing decision-makers on 

different potential treatment options.  

Second, the time horizon of the studies was limited to 6 months beyond which no con-

clusions about effects and costs can made. Longer FU periods are required to fully assess the 

sustainability of effects, i.e., to measure the effects and costs of lagging or intangible costs. A 

longer FU period could likewise observe the effects of SAD on students’ performance leading 

to prolonged academic studies, university drop-out and/or poorer qualifications. At the work-

place, a longer study period might have been able to measure costs of staff turnover and prem-

ature retirement.  

Third, most outcomes were assessed using self-reported instruments (apart from SAD 

symptoms, which were assessed via diagnostic interviews). Common limitations to this ap-

proach are the “social desirability bias170” and “recall bias171” that may affect the results. As an 

example, although self-reporting absenteeism and presenteeism is a standard procedure for 

RCTs172 with good reliability and validity173, it may lead to over- or underestimating costs. 
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Notwithstanding, possible bias did not vary systematically between groups due to the groups 

having balanced characteristic.  

Fourth, the generalizability of our findings is restricted to similar settings. Our results 

apply to students from German speaking countries. Different student characteristics such as 

language or different beliefs in or views of mental health may lead to other results. In Study 

Two, the self-selection of participants led to a predominance of the female sex (73%) and higher 

education (77%) compared to the general population. Evidence suggests that these character-

istics increase adherence174 or minimize drop-out175, as participants have an increased motiva-

tion to participate in the intervention and are therefore more responsive. The effects of the 

intervention may differ compared with populations with lower education or a higher propor-

tion of male participants. Additionally, costs of productivity were estimated using the partici-

pants’ wages, which were higher than the average wage.  

Fifth, both trials were powered to detect effects on the primary clinical outcome, which 

is common in health economic evaluations conducted alongside a clinical trial. However, eco-

nomic analyses require greater sample sizes due to a higher variance in costs176. For this reason, 

a probabilistic decision-making approach, that informs the decision makers on probabilities ra-

ther than on statistical significance, was used to address this issue177. If more evidence had 

been gathered, a meta-analysis based on pooling individual patient data could have better ad-

dressed the insufficient power178.  

Sixth, the randomized-controlled nature of these studies is characterized by high re-

search attention in the form of strict inclusion procedures (requiring informed consent, self-

report assessments, diagnostic interviews). These procedures are thought to lead to an over-

estimation of treatment effects based on research attention and self-selection179. Screening 

and interviews may cause the self-selection of mainly highly motivated individuals that cannot 

always be expected in routine care. Hence, the findings might not be generalizable to unguided 

self-help interventions that do not benefit from these research procedures. Also, RCT proce-

dures can function as an adherence-promoting factor, strengthening a participant’s commit-

ment to partake in the intervention. This might be of particular importance for self-help inter-

ventions that are implemented under routine conditions. Here alternative adherence promo-

tion elements are advised63.  

Last, research participation can modify effect outcomes through the Hawthorne effect. 

This effect is described as the change in participants’ behaviors by virtue of being observed180.  

Only a few conclusions could be drawn from Study Three despite concerted efforts to 

improve the comparability of the included studies’ results by converting currencies, 
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establishing criteria and thresholds for the cost-effectiveness, and only including full health 

economic evaluations.  

First, the heterogeneity of studies was very high, hampering the comparability of the 

evidence. Study designs, methods used, outcome measures, comparators used, and economic 

perspectives taken varied widely between studies. As an example, I argued before that the use 

of different comparators alone already influences the outcome as well as the costs. The same 

is true for the calculation of intervention costs that mostly do not include development or ad-

aptation costs of an intervention. 

Second, the interpretability of cost-effectiveness estimates was restricted due to miss-

ing WTP thresholds for disease specific measures. For example, the monetary value of a de-

pression-free person gained to society or the healthcare system is unknown. Here, but also for 

common thresholds, other aspects are relevant for decision-makers to reach informed deci-

sions such as the burden of disease, acceptability, the prognosis of a disease, or medical ethical 

questions.  

Third, limitations that can be found in many health economic evaluations alongside 

RCTs are also reflected in this review: the need for longer time intervals, underpowered studies 

leading to non-significant differences in QALYs or costs between groups, missing uncertainty 

analysis in form of a cost-effectiveness (CE) plane, or non-adherence to reporting standards.  

Last, the generalizability of the results is limited to the Western countries, mostly coun-

tries in North-West Europe. Future studies need to be conducted in other countries and regions 

to learn more about the impact of cultural differences (e.g., employee’s morale)) on effects and 

costs of psychological internet-based interventions.  

4.5 Clinical Implications 

4.5.1 Study 1 

While SAD is one of the most frequent mental disorders, many affected individuals re-

main untreated. This leads to isolation that negatively affects education and occupation. SAD 

generates high indirect costs due to presenteeism and absenteeism compared with relatively 

low direct costs. Excess costs of SAD in Germany were estimated at 451 Euro over a timeframe 

of 6 months including both direct costs (e.g., in- and outpatient treatment) and indirect cost 

due to absenteeism from work181.  

Findings of our study strengthen the evidence base suggesting that unguided IMIs are 

an effective, low-threshold and cost-effective way to reduce SAD symptoms and other related 
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adverse effects. The German SAD S3 treatment guideline182 acknowledges IMIs based on CBT 

only as an add-on to F2F treatment or while waiting for F2F psychotherapy. However, given the 

positive results of the presented studies and several recent developments, I strongly suggest 

establishing unguided IMIs for SAD as a viable treatment option in student mental healthcare 

that can help address certain barriers to service seeking or service provision.  

First, one third of students in our study self-reported as unwilling to use any F2F treat-

ment183. This can be explained by the nature of SAD as individuals with this disorder tend to 

avoid F2F contact so as not to be evaluated negatively or stigmatized. In addition, students 

commonly attempt solving their mental problems on their own184, which—in combination with 

a general lack of skilled psychotherapists—leads to a delayed treatment provision. Thus, IMIs 

offer a low-threshold treatment to reach those students compared to F2F treatment.  

Second, recent systematic and meta-analytic evidence indicates that iCBT creates 

equivalent effects when compared with F2F treatment in anxiety disorders185. iCBT is recom-

mended as a first-line treatment without the addition of auxiliary treatment measures145.  

Third, the COVID-19 pandemic further increased the unmet need of help by exacerbat-

ing the overloaded mental healthcare management both within and outside of the university 

setting and decreasing social contacts leading to isolation186. Left untreated, these students 

could manifest SAD symptoms, potentially leading to a lower quality of life, isolation, academic 

failure, study drop-out, and diminished job prospects. This not only negatively impact individ-

uals’ well-being but also generate enormous costs in the long run. Thus, IMIs as treatment op-

tion are essential to address this unmet need.  

Fourth, scaling up digital intervention leads to increased provisioning and uptake. The 

resulting low marginal costs make digital interventions a viable tool to generate effects at pop-

ulation level or within a university setting. Such a scale-up is further facilitated in unguided 

interventions due to the absence of human guidance187.  

The results of the study are limited to a clinical sample. More than 800 students showed 

interest in our study. However, only 200 were included, usually because they failed to meet the 

clinical cut-off, dropped out to avoid interviews, or because the diagnostic interviews did not 

confirm the diagnostic status. The inclusion of students with subclinical SAD symptoms could 

easily extend the IMI’s reach. This would also better reflect the population that seeks help at a 

university mental healthcare service. Additionally, the intervention might help to decrease the 

risk of students with subclinical SAD symptoms of developing a full-blown disorder. Nonethe-

less, an increased reach may diminish the intervention’s effect, due to, e.g., symptom severity 

moderating treatment effects147 or because the absence of diagnostic interviews reducing 
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adherence. This can be explained through the concept of symptom severity moderating treat-

ment effects and because the absence of diagnostic interviews reduces adherence148. In gen-

eral, lower adherence can be observed in unguided interventions, subclinical patients or under 

routine care conditions due to reduced structuring and absent research attention compared to 

a RCT188. Under these circumstances adherence-promoting elements need to be applied to se-

cure treatment adherence. 

The study’s intervention is based on the well-established cognitive behavioral approach 

proposed by Clark and Wells96. An additional treatment module on fear of positive evaluation 

(FPE), a neglected target of SAD treatment, is offered. Weeks and Howell’s189 bivalent fear eval-

uation model presents the fear of negative and positive evaluation as important treatment el-

ements104. FPE can prevent patients from making progress, as they feel discomfort instead of 

pride when receiving positive social feedback. Originally, the study was designed to compare 

two active conditions with and without a module on FPE to quantify its potential treatment 

effect. However, changes in the study design in favor of the health economic evaluation im-

peded this approach. The results showed moderate significant effects of the IMI compared with 

WLC on the Fear of Positive Evaluation Scale (d = 0.54, 95% CI [0.26, 0.82]) and Disqualification 

of Positive Social Outcomes Scale (d = 0.56, 95% CI [0.82, 0.55]). Yet, higher within-group effects 

on SAD were observed when compared with another study based on the same self-help IMI 

that did not include the module on FPE190. Thus, the benefits of a FPE treatment module remain 

unclear.  

4.5.2 Study 2 

Stress comes in many forms and is commonly labeled as chronic, perceived, traumatic 

or work-related stress. Based on data collected by the largest German statutory health insur-

ance (SHI) (“Techniker Krankenkasse”), perceived stress has increased over the past decade, 

resulting in one out of four persons feeling stressed frequently (26%)191. The main stressors 

were of a work-related nature and high expectations of oneself. The impact of alleviating work 

stress alone is estimated as annual cost savings of €1,753 to €3,010 for absenteeism and of 

€188 to €582 for presenteeism per employee according to a German pharmaceutical com-

pany192. Yet, the reach of F2F interventions is limited by financial, spatial, and time barriers. 

iSMIs can overcome these barriers, are easily scaled-up, and can minimize resources (especially 

when proven cost-effective) leading to increased treatment uptake. If implemented success-

fully and used widely, preventive iSMIs show the potential to reduce the adverse effects of 
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persistent stress at the workplace and the general disease burden of mental disorders as well 

as costs of related productivity losses at the population level193. Findings of a recent meta-anal-

ysis support the iSMI’s potential to reduce symptoms of depression and anxiety symptoms. 

iCBTs targeting elevated stress were found to be effective, showing large effects on anxiety (d 

= 0.69 95% CI [0.52, 0.86] and depression (d = 0.65, 95% CI [0.56, 0.75])154.  

Further evaluations of Study Two’s iSMI shed more light on the iSMI’s preventive effect. 

A three-armed trial, compared the iSMI with either adherence-focused guidance (AFG) or no 

guidance (self-help, SH) to a WLC group194. Both intervention groups had moderate to high 

effects on stress (SH, d = 0.91; AFG, d = 0.85) and depression (SH, d = 0.62, AFG, d = 0.74). The 

results revealed that the iSMI’s effect on depressive symptomatology was mediated by per-

ceived stress and resilience. Thus, the authors suggested that preventive iSMIs should be de-

signed for both stress reduction and enhancing health promoting factors (e.g., resilience). 

These findings match the results of another study, which offered the same iSMI to university 

students with elevated levels of depression (CES ≥ 16) compared with an internet-based psy-

choeducational program. This study’s findings showed small effects on depressive symptom 

severity (d = 0.36)and anxiety (d = 0.35)195.  

Study Two’s findings suggest that the iSMI is cost-effective in highly stressed employ-

ees. Yet, treatment effects on moderately stressed employees remained unclear. A universal 

prevention study, applying no baseline inclusion criteria, showed that this iSMI yielded large 

effects on perceived stress at 6-month FU (d = 0.61)196. Moreover, resilience, agreeableness, 

psychological strain, and self-regulation were identified as having a moderating effect on the 

intervention’s main effect. Thus, initial evidence suggests a broad applicability of this iSMI and 

consistent effects under routine care conditions. 

Even though adherence is assumed to be higher for guided iSMI188, no other health 

economic evaluation has assessed the economic impact of different guidance formats. How-

ever, a large share of intervention costs is based on human support offered during treatment, 

and the difference in effects between the guided and unguided iSMI was only small. In two 

studies, the iSMI was found to be effective when offered either with AFG (d = 0.85)197 or SH (d 

= 0.65)198 compared to WLC. In another study, similarly large within-group effects and no sig-

nificant between-group effects were found when comparing the SH iSMI to the AFG iSMI.194 

Therefore, SH iSMIs show similar effects and lower intervention costs compared to guided iSMI, 

and thus might be cost-effective.  

In practice, evidence based on health economic evaluations is not required for digital 

interventions to be considered for reimbursement by the German healthcare system. Hence, 
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health economic evaluations have no impact on decision-making, possibly not warranting fur-

ther research on this iSMI. The Digital Health Care Act (2019) entitled every person insured 

under the German SHI to the provision and reimbursement of digital health applications (DiGA). 

In a simplified process, DiGA can become eligible for reimbursement if they fulfill general re-

quirements (i.e., safety, data protection) and show positive effects (i.e., medical benefits)199. 

Consequently, in October 2021, the iSMI evaluated in Study Two was approved as DiGA (“Hel-

loBetter Stress and Burnout”)200. As a listed DiGA, the iSMI is officially available to reduce diffi-

culties in coping with life and work stress for adults aged 18 to 65 years. 

The last perspective on clinical implications of Study Two is based on the German 

Guidelines in Prevention201 published by the National Association of Statutory Health Insurance 

Funds (“GKV-Spitzenverband”, GKV-SV) based on the Social Code Book V §20. Referring to this, 

health promotion in occupational healthcare consists of several areas of action and principles 

of prevention relating to external working conditions (e.g., workplace design, leadership, a 

physical activity facilitating environment) and internal individual work and lifestyle factors (e.g., 

stress management, resilience, healthy nutrition). In prevention and health promotion, an iSMI 

represents an effective behavioral intervention. However, only by combining interventions tar-

geting the individual’s behavior and interventions creating positive working environments can 

we create sustainable and healthy working conditions.  

4.5.3 Study 3 

The results of Study Three may have several important implications for decision-makers 

allocating scarce resources. Mental disorders pose a great burden on society and the economy, 

necessitating a sustainable healthcare approach for the many in need of it. Due to the excessive 

demand of (mental) healthcare services, limited personnel resources, and strict contact re-

strictions caused by the COVID-19 pandemic, healthcare service providers moved away from 

F2F treatment and scaled up effective digital mental healthcare options. As a result, the benefit 

of internet-based psychological (preventive) interventions (including cost-effectiveness bene-

fits) has increased in relevance. 

The implications of our findings are relevant to countries using health economic evi-

dence in their decision-making process, in contrast to the decision-making practice in Germany. 

Recommendations for policy makers and relevant stakeholders include:  

(1) low intensity psychosocial interventions, such as guided IMIs targeting depression 

and anxiety, are viable treatment options;  



 

145 

(2) evidence for under-researched disorders and unguided IMI is limited, yet the use of 

low-threshold, self-help IMIs is warranted on a case-by-case basis given their scalability 

and potential effects on population level; and 

(3) to secure the treatment effects in routine care, among others, implementation set-

ting, target population, and stakeholder views need to be considered to optimize the 

allocation of scarce resources (i.e., for priority setting).  

In addition to the above recommendations, it is also important to consider the different 

governmental reimbursement mechanisms of IMIs (e.g., United Kingdom: National Institute for 

Health and Clinical Excellence [NICE], Germany: DiGA). Other criteria than effects and costs that 

may likewise be important are: interoperability, patient safety, and data security199.  

4.6 Challenges and directions for future research 

Studies One and Two strengthen the existing evidence for the efficacy of internet-based 

psychological interventions for improving mental and work-related outcomes. Despite, their 

large role for the evidence for cost-effectiveness of IMIs (due to the limited number of current 

studies available), more studies on SAD and elevated stress are required to confirm their re-

sults. The presented systematic review (Study Three) confirmed the limited number of health 

economic evaluations alongside IMIs.  

In the following section, several existing and future challenges for IMIs are discussed 

derived from the included studies’ limitations, clinical implications, and identified gaps in evi-

dence. These challenges are the implementation in routine care, individualized treatment op-

tions, adherence in unguided interventions, the minor role of health economic evaluations in 

German decision making, and methodological limitations.  

4.6.1 Self-help IMIs in routine care 

The European Federation of Psychologists’ Association’s (EFPA) E-Health Taskforce rec-

ommends the implementation of IMIs in routine care, given their great potential of improving 

mental health63. After establishing the intervention’s efficacy, the effects of an implemented 

IMI are investigated (phase IV trials). If these results are promising, wide-scale adoption can 

follow. Thus, on account of their scalability and because they do not require the supervision of 

skilled mental care specialists, internet-based self-help interventions can extend treatment 
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coverage for those in need. Despite being promising, implementation poses major challenges 

for IMIs (e.g., diminishing treatment effects).  

First, in practice, self-selected participants of controlled trials meet strict inclusion and 

exclusion criteria and may differ greatly from patients with mental disorders in routine care. 

These routine care patients are heterogenous, showing high levels of comorbidity, various 

symptom profiles and high disease burden.  

Second, it is assumed that the research attention—which is absent under routine care 

condition—can serve as an adherence-promoting element. Self-help interventions are known 

to show lower adherence than guided interventions188. Previous findings support the impact of 

researcher attention and human support on adherence, indicating the presence of clinically 

relevant changes resulting from therapist-guided IMIs but showing only unclear evidence for 

the effectiveness of self-help IMIs under routine care conditions202,203. Thus, some form of ad-

herence facilitation (e.g., automated feedback) and intervention process monitoring (e.g., au-

tomated reminders) is essential for self-help interventions in routine care63.  

Third, given their controlled nature, effects of RCTs are thought to be overestimated 

and to have limited generalizability, when compared with routine care conditions204.  

Fourth, recent meta-analytic evidence shows clinically relevant changes of internet-

based (guided) CBT for depression and anxiety in routine care205. The results showed a moder-

ate to high acceptability of interventions including uptake, adherence, and patient satisfaction, 

and only few negative effects. Nevertheless, due to the high heterogeneity of intervention 

methods and study contexts, only efficacious interventions should be chosen for routine care. 

Fifth, there exists a considerable gap in study quality and level of implementation between 

studies examining efficacy and those examining effectiveness. Highly efficacious interventions 

have repeatedly shown poor effectiveness in clinical practice when implemented204. This can 

be partially explained by barriers of implementation (e.g., time, costs, attitudes of profession-

als), and poor use of facilitating factors (e.g., knowledge of implementation). A systematic re-

view presented a six cluster taxonomy that identified components that are necessary for im-

proving the implementation of IMIs for mood disorders in routine practice: (1) the acceptance 

of IMIs to various stakeholders, (2) the appropriateness of the IMI in addressing the disorder, 

(3) the agency of implementing, delivering and receiving the IMI, (4) the availability and appro-

priateness of resources for implementing the IMI, (5) the processes for delivering IMIs, and (6) 

the leadership of processes involved in the implementation and delivery206. Each cluster con-

tains important facilitators and barriers to implementation. For example, qualitative research 

on the participants’ acceptance and satisfaction showed that location independence, positive 
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relationship to an e-coach, and target group specific adaption were the most common drivers 

for IMI use207. In contrast, qualitative research including general practitioners revealed that low 

knowledge about IMIs or patients’ lack of familiarity with technology were hindering the refer-

ral of patients to blended internet-based psychotherapy208. Considering these clusters in the 

implementation design, execution and validation can improve implementation outcomes. 

4.6.2 Adherence in unguided interventions  

Adherence is defined as the sustained use of and engagement with digital interven-

tions. Evidence suggests that low adherence and high attrition can accompany unguided inter-

ventions in pragmatic trials and routine care63. This can be explained in part by the fact that 

RCTs include structured elements and researcher attention (which promote adherence by se-

curing participants’ commitment), whereas unguided interventions do not179. Factors and strat-

egies to improve adherence are of particular importance, as higher adherence is linked to larger 

treatment outcomes209. Adherence promoting elements can include increasing engagement, 

which is presumed to thereby improve adherence and treatment effects. There are many the-

oretical models that attempt to shed light on adherence, such as the Internet Intervention 

Model and The Unified Theory of Acceptance and Use of IT (UTAUT). All these comprehensive 

models share that the user’s adherence to IMIs is explained by a combination of technological, 

environmental and individual factors, yet empirical evidence is lacking210. In the next section, I 

will discuss a selection of potential options to increase adherence for future research on inter-

net-based self-help interventions. 

Persuasive design is one approach for enhancing user engagement through adherence 

promoting factors. The persuasive system design (PSD) framework suggests that design princi-

ples can be categorized as (1) task support (e.g., the self-monitoring or tailoring of content 

helps to facilitate task completion), (2) dialogue support (e.g., that praise, rewards, appealing 

design, gamification help to enact target behavior), (3) system credibility support (e.g., the ex-

pertise and presentation of the research team), and (4) social support (e.g., to help user to 

motivate each other with a buddy system, social comparison)211. A recent review and meta-

analysis evaluated the role of persuasive design in unguided iCBT for depression and anxiety. 

The researchers were able to demonstrate the effect of iCBTs on depression but not on anxiety 

disorder. Limitations included lack of reporting and evaluating of design elements, thus more 

research is needed212.  
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For example, one adherence promoting method for iCBTs that has received increasing 

attention in recent years is that of gamification. Gamification is appealing and entertaining to 

many and represents another popular way to increase engagement, motivation, and adherence 

to digital interventions. Gamification—often interchangeably called serious gaming—refers to 

“the use of game design elements in non-game contexts213.” Its principles include: a reasonable 

purpose, meaningful choices of users to reach the goal, reflecting individual player archetypes, 

feedback on how actions affect goal achievement, and visibility of progress. This five-factor 

gamification model can be used to improve user experience and enhance engagement with 

internet-based programs214.  

Implementing novel elements, like gamification, in a more widespread format could 

support researchers and policy makers in promoting unguided self-help interventions in real-

world contexts.  

4.6.3 Precision medicine in the treatment of SAD  

The application of self-treatment methods is recommended as early as possible for pa-

tients with moderate SAD symptoms. For patients with severe SAD symptoms or patients who 

fail first-line and cost-effective interventions, individual and group therapy is advised29. For fu-

ture research and treatment of severe SAD, the one-size-fits-all treatment approach is rejected 

and precision medicine or personalized or individualized treatments are recommended. Treat-

ment should focus on the personalization of therapeutic strategies, taking a person’s individual 

pathological presentation into account29. Individualization can be achieved through a combi-

nation of therapeutic strategies. New evidence, e.g., on personality profiles215, avoidance of 

eye contact216, and emotional reactivity, and regulation of social phobic patients can further 

improve the selection of suitable tools for an individualized SAD treatment. Thus, the “right” 

CBT technique can be used. For example, the social anxiety spectrum consists of an anxious 

(“social anxiety”) and a phobic (“social phobia”) dimension. The first is best treated by shifting 

attention to non-threatening stimuli and the second via traditional exposure therapy as pa-

tients avoid anxious stimuli. Other therapies such as mindfulness-based or acceptance-com-

mitment therapy can be added when in line with the patient’s needs. Given the flexibility of 

internet-based treatment, individualized adjustments including the addition or exchange of 

treatment modules can be performed relatively easily. Therefore, IMIs represent a promising 

treatment option in the light of treatment individualization.  
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4.6.4 Recommendations for future (clinical) research 

This section discusses future recommendations for clinical research based on the limi-

tations and clinical implications of Study One and Two and the previously discussed topics.  

 

General recommendations: 

• Head-to-head comparisons of IMIs versus usual care (e.g., blended approaches or F2F) 

should be used to mimic routine care conditions. 

• Study durations should be extended to assess the long-term impact of (preventive) studies. 

• The uptake and effectiveness of (unguided) IMIs should be examined after implementation 

and under routine care conditions. 

Recommendations for Study One’s unguided IMI targeting SAD in students: 

• The student population should include students with subclinical SAD symptoms to exam-

ine the preventive effects of the IMI in patients at risk of developing SAD. 

• Dismantling studies or additive designs should be used to evaluate treatment effects on 

fear of positive evaluation, of adherence promoting elements, and of individualized SAD 

treatment components. 

• Confirmatory clinical trials on the efficacy of a variant of the IMI extended with adherence 

promoting elements, such as persuasive design, should be run under routine care condi-

tions. 

Recommendations for Study Two’s presented iSMI targeting stressed employees: 

• Confirmatory clinical trials for the iSMI should be run that reflect the general population, 

including persons with lower stress-levels, and a balanced sex ratio, without an elaborative 

inclusion process based on baseline symptom severity (similar to routine care). 
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4.6.5 Challenges in trial-based health economic evaluation 

Several challenges can underlie methodological issues when conducting economic eval-

uations of digital health interventions. Researchers have posited that such issues relate to the 

product evolvement, the limited benefit assessment and the implementation level187. First, dig-

ital products need constant updates to ensure compatibility with operating systems or to in-

clude new research evidence. For this reason, flexible data collection and analytics tools are 

useful to assess sudden impacts on costs and effects. Second, intervention costs can be high if 

the IMI is newly developed, as they must recoup costs for research and development. Alterna-

tively, they can be low as these costs (sunk costs) are not included in a merely modified IMI. 

Unfortunately, intervention costs are often reported insufficiently—this was also reaffirmed by 

our systematic review. Third, IMIs show low marginal costs (extra cost per unit produced) for 

maintenance and updates if scaled-up sufficiently. Despite this, scaling up does not inherently 

lead to improved cost-effectiveness. On the one hand, participants’ costs used in trial-based 

economic evaluations may be overestimated when compared to an actual scaled up interven-

tion’s costs. On the other hand, inflated costs can be incurred if new digital systems need to be 

integrated (e.g., software for medical practice). Fourth, the benefit assessment of IMIs should 

include spill-over effects, such as efficiency gains based on improvements and increase in the 

quality of care (i.e., more resources for doctors allowing for more patient time). Additionally, 

effects that may arise outside of the healthcare system (such as patient empowerment and 

decreased travel expenses) are rarely included. Therefore, impact inventories should be ex-

panded to include a wide range of health and non-health impacts are recommended.  

 

4.6.6 The German reluctance to use health economic evaluations 

As healthcare resources are limited, generic WTP thresholds are widely used as criteria 

when allocating scarce resources. New treatments are commonly assessed based on their ther-

apeutic value to maximize resources (valued-based pricing). In Germany, the Institute for Qual-

ity and Efficiency in Health Care (IQWiG217) provides independent evidence-based expert opin-

ions on, e.g., drugs, methods of diagnosis, and treatment guidelines. Moreover, the IQWiG pro-

vides lay understandable health information to citizens. The institute adheres to international 

guidelines on health economic evaluations proposed by the International Society for Phar-

macoeconomics and Outcomes Research (ISPOR218), including their accepted methodological 

standards, i.e., perspective, time horizon, and statistical uncertainty of a cost-effectiveness 
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analysis (CEA). However, it rejects generic QALY-based WTP thresholds as they are not in line 

with value-based judgements as outlined in the legal requirements of the German Social Code 

Book V (Sozialgesetzbuch, SGB V219). The German regulatory framework is based upon the 

alignment of ethical and moral notions to meet individuals’ rights. In needs-based economic 

evaluation, decision-making is centered on the idea of a medical need for coverage. This is in 

contrast to methods focusing on individual preferences (e.g., preference-based WTPs) or soci-

etal decision makers aiming to maximize health outcomes. For example, preference-based eco-

nomic evaluations have been criticized for ranking resource allocations based on the prefer-

ences of affected individuals. Here the WTP is (1) dependent on the ability to pay and (2) does 

not reflect the greater disease burden and need for treatment present within disadvantaged 

population groups. This implies that for disorders with limited evidence for treatment efficacy, 

no treatment might be offered due to missing maximization potential, such as not meeting the 

cost threshold220.  

In the United Kingdom, the NICE applies a generic threshold of £20,000—£30,000 per 

additional QALY gained for the reimbursement of a new treatment. However, the IQWiG uses 

indication-specific thresholds based on the efficiency frontier (EF) approach, a recently devel-

oped method221. This approach plots all treatments for the indication, depicting costs on the 

horizontal axes and health effects (benefits) on the vertical axis. In this plot, a curve fitting the 

most efficient interventions form the EF. The cost-effectiveness of this frontier represented by 

the linearly interpolated incline of the last curve segment reflects the threshold a new inter-

vention must meet or exceed. Essentially, IQWiG’s “marginal rule” does not allow for direct 

comparison between therapeutic areas while the NICEs “average rule” compares across thera-

peutic areas222. Overall, CEAs are not needed to receive a market authorization for new 

drugs223. The German Act on the Reform of the Market for Medicinal Products (2011, Arzneimit-

telmarktneuordnungsgesetz, AMNOG) allows pharmaceutical manufacturers to negotiate 

prices for new drugs with the SHI grounded on early benefit assessments. Thus, the IQWiG is 

rarely commissioned to conduct health economic evaluations and only very few ICER thresh-

olds of therapeutic areas are available. 

The European Commission stressed that different methodologies in health economic 

evaluation and national procedures of HTA lead to redundancies and different market access 

thresholds for treatment across Europe224. In Germany, the IQWiG conducts HTA when a sug-

gested treatment is relevant based on, e.g., prevalence, disease burden, and interventions 

costs. These HTAs are aligned with international standards including the assessment of benefits 

and the harms, economic, ethical, social, legal, and organizational aspects of the 
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intervention219. The goal of IQWiG’s HTA is empower citizens to make autonomous and com-

petent decisions regarding the various treatment options. A HTA report is conducted by an 

external expert who applies suggested methods and is enriched by an IQWiG’s editor’s com-

ment. The reports are provided to relevant institutions in the healthcare system to positively 

influence patient care and decisions in self-governing organizations and politics219. Even so, in 

practice they are rarely used.  

Several underlying reasons have been proposed for why economic evaluations are not 

included in the German decision-making process. These include justifications on the basis of 

cultural, historical, and ethical aspects223. The reluctance to ration medical products and im-

pose a fixed maximum WTP for an intervention is rooted in historical restrictions and discrimi-

nation under the Nazi regime. The German Ethics Council and SGB V agree that if a patient 

needs a treatment the patient shall receive it. The legal text of SGB V states that health eco-

nomic evaluations provide information to assist the Federal Joint Committee (“Gemeinsamer 

Bundesausschuss”) about the appropriateness and affordability of a price for a new drug.  

Historically, the German healthcare budget was not fixed and the SHI’s funds well filled. 

Thus, there was no need for decision-making processes guided by health economic evaluations, 

and they were rarely used. Today the SHI is facing the highest financial deficits since 2003225 

due to consequences of the COVID-19 pandemic and the implementation of new laws. The 

pandemic, associated with an increase in morbidity and mortality rates, led to a sharp increase 

of costs for the German healthcare system. These costs further highlight the need for cost-

effectiveness considerations. 

Another reason for elevated costs for the healthcare system is illustrated by the DiGA 

market access approach. Although, the number of DiGAs greatly increased because of the rel-

atively low standards that must be met for reimbursement (e.g., no standard care comparator 

needs to be used in trials), there exists no pricing regulation. In the first year of reimbursement, 

manufacturers can set their prices relatively freely. Only afterwards do the GKV-SV and the 

manufacturer negotiate the price for a DiGA. Thus, the GKV-SV has publicly called for the re-

striction of free pricing to reduce costs. As a result, an evidence-based approach to value-based 

DiGA pricing226 has been developed to restrict pricing. This includes a comparison of the aver-

age cost-effectiveness of DiGAs with other reimbursable services in the therapeutic area (i.e., 

a price anchor such as F2F psychotherapy).  

One question has not been answered yet: how can our studies’ results influence Ger-

man decision-making? In general, evidence on cost-effectiveness underpins the adoption of a 

new treatment or drug (e.g., of a DiGA application). Our studies include not only generic 
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measures (e.g., QALY) but also disease-specific outcome measures that are favored in Ger-

many. Reusing existing evidence is preferable to the costs and time required to conduct con-

temporary economic evaluations using the EF approach. Thus, given the current financial pres-

sure on the SHIs, our studies provide highly necessary information on how to allocate scarce 

resources. Such considerations may help promote the role of health economic evaluations in 

future research and decision-making.  

4.6.7 Recommendations for future research on health economic evaluations 

Below, short, future recommendations derived from the limitations and clinical impli-

cations of Study Three, the cost-effectiveness analyses of Study One and Two, and the topics 

discussed above are provided.  

 

General recommendations for conducting health economic evaluations alongside a clinical 

trial: 

• Trials should adhere to economic evaluation guidelines (ISPOR227, CHEERS218) and quality 

checklists (RoB142, Drummond82, CHEC228) to minimize bias and improve study quality. 

• Trials should include standard care comparators (e.g., F2F, other active control conditions) 

to mimic effects under routine conditions. 

• Trials on IMIs should target under-represented and under-researched disorders to extend 

the evidence-base for the cost-effectiveness of IMIs. 

• Trials should be designed with longer time horizons to allow for the better capture of long-

term benefits and costs, e.g., productivity losses in preventive interventions, and resulting 

cost-effectiveness estimates. 

• Trials should report intervention costs in detail (including development, hosting, mainte-

nance). 

• Where feasible (e.g., difficulty of recruiting enough patients), trials should be powered to 

detect differences in costs. 

• Non-inferiority trials should be conducted to quantify the difference in effects and costs, 

e.g., between two active treatments, or between unguided self-help IMI vs. other guidance 

formats. 

• Confirmatory trials are required to validate our studies health economic evaluations’ re-

sults for both SAD and iSMI at the workplace. 
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Recommendations for decision makers in mental health care: 

• Scientific and public discussions on economic considerations and evaluations are essential 

to educate and empower policy makers to make informed decisions on IMIs. 

• Costs and treatment effects must be evaluated within and outside of the healthcare system 

to quantify the full impact of a treatment on society. 

• Together with cost-effectiveness, decision makers should consider the target population, 

the overall symptom severity, the disease course, and the IMI’s setting.  

• Modeling studies, or a combination of individual patient-level data based on several RCTs, 

can address ethical aspects, disease burden, or bigger sample sizes that cannot be observed 

otherwise.  

 

Recommendations for the broader health economic perspective: 

 

• The harmonization of health economic standards and HTA standards can increase market 

access and the standardization of treatment access across Europe. 

• More economic evaluations of IMIs in different economic and health care settings across 

the globe, especially in low- and middle-income countries, are needed. 

 

While this thesis discusses many limitations, challenges, and future directions for IMIs, some 

aspects could not be addressed. These include data security, publication bias, patient safety, 

negative treatment effects, predispositions and characteristics of patients related to treatment 

effects, low health literacy, reasons for premature treatment discontinuation229, user experi-

ence, and engagement. 
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4.7 Conclusion 

In summary, Study One has shown that the presented unguided internet- and mobile-

based intervention was effective in treating university students with social anxiety disorder. 

Moreover, the intervention represented a good value for money and was able to maintain the 

effects in the long-term at 6 months follow-up. The German SAD treatment guidelines recom-

mend IMIs as a complement to F2F treatment or a means to bridge waiting times. However, 

our results support the emerging evidence that (guided) IMIs for SAD are a viable first-line 

treatment option, as already practiced in other countries (e.g., New Zealand, Australia). I sug-

gest implementing this low-threshold and cost-effective intervention as part of a student 

healthcare management at a university.  

Study Two provided evidence that a guided internet-based stress management inter-

vention in employees with elevated stress level represents a good value for money. The results 

showed that merely the inclusion of costs relevant to the employer, such as productivity losses, 

already yielded favorable probabilities of its cost-effectiveness and a positive financial return. 

Likewise, taking a societal perspective led to a promising likelihood of the intervention being 

cost-effective compared to a waitlist control group. Given the high efficacy and cost-effective-

ness, this iSMI represents a promising means of improving mental health at the workplace. 

Implementing this iSMI as part of occupational health care or from the employer’s perspective 

seems beneficial.  

Study Three expanded the limited evidence on the cost-effectiveness of IMIs for mental 

disorders and symptoms. Its results showed that guided IMIs targeting depression and anxiety 

are likely to be cost-effective and hence should be recommended to decision makers as a viable 

treatment option. Yet, findings were limited by high heterogeneity due to different costing 

methods, designs, comparators, and outcomes used. Given these limitations, more research in 

under-researched disorders, unguided (preventive) IMIs, and active and usual care compara-

tors with long follow-up periods are needed to make further conclusions.  
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