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Abstract 

Background With its digital health application (DiGA)‑system, Germany is considered one of Europe’s pioneers in the 
field of evidence‑based digital health. Incorporating DiGA into standard medical care must be based on evidence‑
based success factors; however, a comprehensive overview of the evidence required of scientific studies for their 
approval is lacking.

Objective The study aims to, (1) identify specific requirements defined by the Federal Institute for Drugs and Medical 
Devices (German: Bundesinstitut für Arzneimittel‑ und Medizinprodukte; BfArM) to design adequate studies, prov‑
ing a positive healthcare effect, and (2) to assess the evidence given for applications permanently listed in the DiGA 
directory.

Methods A multi‑step approach was used: (1) identification of the evidence requirements for applications perma‑
nently listed in the DiGA directory, (2) identification of the evidence available supporting them.

Results All DiGA permanently listed in the DiGA directory (13 applications) are included in the formal analysis. Most 
DiGA addressed mental health (n = 7), and can be prescribed for one or two indications (n = 10). All permanently 
listed DiGA have demonstrated their positive healthcare effect through a medical benefit, and most of them provide 
evidence for one defined primary endpoint. All DiGA manufacturers conducted a randomized controlled trial.

Discussion It is striking that— although patient‑relevant structural and procedural improvements show high poten‑
tial for improving care, especially in terms of processes — all DiGA have provided a positive care effect via a medical 
benefit. Although BfArM accepts study designs with a lower level of evidence for the proof of a positive healthcare 
effect, all manufacturers conducted a study with a high level of evidence.

Conclusion The results of this analysis indicate that permanently listed DiGA meet higher standards than required by 
the guideline.
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Background
Digital health applications (known by their German 
abbreviation, DiGA) are increasingly present, with 
health systems around the world creating different legal 
frameworks for their integration into standard care. 
Together with Belgium, Germany was one of the first 
countries in Europe to develop an official framework to 
reimburse DiGA use. Other countries, such as England, 
Denmark, the Netherlands, Norway, Sweden, and the 
USA, are still in the development process [1]. France has 
already announced its intention to adopt the German 
system [2].

DiGA are certified medical devices with a primarily 
digital function, through which the medical purpose is 
achieved. Mainly used by patients, they detect, monitor, 
treat, or alleviate disease, injury, or disability. Shared use 
between patients and healthcare providers is also possi-
ble, however devices that merely read and transmit data 
are not considered DiGA [3]. They offer the potential of 
improved health outcomes [4], higher health standards, 
and improved and equal access to health services [5]. In 
addition, DiGA cost-effectively improve patient care [6].

The Federal Republic of Germany’s national parlia-
ment passed The Act to Improve Healthcare Provision 
through Digitalization and Innovation (Digital Health-
care Act – DVG) in 2019. With this law, healthcare 
providers were given the option of prescribing DiGA. 
To be part of standard care, the DiGA must be listed in 
the directory in accordance with paragraph 139e of the 
fifth book of social code (§ 139e SGB V), first requiring 
evidence-based proof of a benefit. The benefit is defined 
by the manufacturer guideline of the Federal Institute for 
Drugs and Medical Devices (German: Bundesinstitut für 
Arzneimittel- und Medizinprodukte; BfArM) [3]. First, 
certification as a medical device in a low-risk class (I or 
IIa) according to the Medical Device Regulation (MDR) is 
required. Basic requirements are set for data protection, 
interoperability, robustness, and user-friendliness, but 
the central criterion is proof that the DiGA has a posi-
tive healthcare effect. DiGA manufacturers must provide 
this evidence with a comparative scientific study in an 
International Classification of Diseases (ICD-10)-defined 
patient group. The positive healthcare effect can be a 
medical benefit and/or a patient-relevant structural and 
procedural improvement. The fast-track process offers 
two paths into the DiGA directory; if all criteria are ful-
filled and BfArM reaches a positive decision, the DiGA 
is permanently included in the DiGA directory; if no 
positive healthcare effect has yet been demonstrated, the 
DiGA can be provisional included. In case of the latter, 
the expected positive healthcare effect must be proven 
within a period of 12 months with a previously approved 
evaluation study [3].

The DiGA manufacturer guideline specifies what 
type of evidence from positive healthcare effect stud-
ies is acceptable [3, 7]. After using the fast-track DiGA 
approval process, Brönneke et al. (2021) highlighted the 
importance of measures by legislation to help decide 
if innovations benefit patients in standard healthcare 
[7]. Similarly, Heimann et  al. (2021) described factors 
required using the fast-track listing, including internal or 
self-commissioned external audits before submitting the 
application, consultation with BfArM on positive health-
care effects, and responses to queries from BfArM [8]. 
Löbker et  al. (2021) reported on their experience from 
consultations on DiGA showing most (80%) of DiGA 
directory application manufacturers have taken advan-
tage of a consultation during the process. The rate of 
withdrawn/rejected applications was higher, if manufac-
turers had not sought advice (63%), compared to manu-
facturers who had previously discussed key content with 
BfArM (35%) [9]. Düvel et al. (2021) qualitatively identi-
fied potential solutions to improve DiGA access to statu-
tory standard care, recommending a central advisory 
office [10]. Lantzsch et  al. (2022) concluded that there 
is room for improvement in the fast-track process, par-
ticularly in study reporting, as well as in outcomes for 
patient-relevant improvement of structure and processes. 
They demand new study designs to pave the way for the 
use of real-world data [11]. To generate high-quality evi-
dence of DiGA positive healthcare effects, Stern et  al. 
(2022) recommends further research on the impact of 
missing data, study endpoints, control group, multi-
modal interventions, study question, equity, generaliz-
ability, confounders and fit for purpose [12]. Geier et al. 
(2021) described different perspectives of the German 
Digital Health Association on DiGA, arguing the need for 
accompanying research to address the specific challenges 
of study design and methods in generating evidence for 
DiGA [13]. Hemkens et  al. (2021) also emphasized the 
relevance of a robust evidence-based benefit assessment 
in DiGA approvals, stating that sustainable and efficient 
DiGA benefit assessment requires continuously adjusted 
evaluation in everyday care; central to this are rand-
omized study designs that are integrated into standard 
care [14].

Incorporating DiGA into standard medical care must 
be based on evidence-based success factors; however, a 
comprehensive overview of the evidence required of sci-
entific studies for their approval is lacking [15]. We want 
to investigate which methodologies used to generate 
evidence-based proof of benefit have been successfully 
implemented, based on the already permanently listed 
DiGA.

Our study aims to, (1) identify specific requirements 
defined by BfArM to design adequate studies, proving a 
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positive healthcare effect, and (2) to assess the evidence 
given for applications permanently listed in the DiGA 
directory.

Methods
All permanently listed applications in the German DiGA 
directory (as of November  15th, 2022) were included in 
this study.

The study used a multi-step approach: First, we identi-
fied the evidence requirements for applications perma-
nently listed in the DiGA directory, based on an analysis of 
the BfArM manufacturer guideline (as of March  18th, 2022) 
using the PICOS scheme: Population, Intervention, Con-
trol, Outcome, Study Design [16]. Then, a single researcher 
extracted these requirements, and then they were double-
checked by a second independent researcher. All extracted 
data were transferred and categorized to a data extraction 
sheet (MS Excel). Finally, the evidence available support-
ing the permanently listed DiGA was identified, using the 
following sources: DiGA directory; study registries (Ger-
man registry of clinical studies (DRKS), clinical trials.gov, 
ISRCTN registry); published study protocols; published 
study reports; submitted publications of permanently 
listed DiGA; and finally, manufacturer websites.

The sources (including studies, study protocols, 
reports) were used to extract data using the pre-defined 

data extraction sheet. Data extraction was performed 
by one researcher, followed by quality assurance of 
extracted information carried out by a second researcher. 
The methodological approach is represented in Fig. 1.

Results
All DiGA permanently listed in the DiGA directory 
(13 applications) are included in the formal analysis 
(Table  1). Most of these were initially accepted into 
the DiGA directory with an application directly for 
permanent listing. Four DiGA manufacturers (Kalm-
eda, Selfapy Depression, Vivira and Zanadio) initially 
applied for a provisional listing during testing, before 
being permanently listed. All four applications with 
initial provisional inclusion in the DiGA directory 
extended the trial period; Kalmeda by three months, 
Selfapy Depression and Vivira by four months, and 
Zanadio by ten months.

We identified seven relevant categories from our 
BfArM manufacturer guideline document analysis: (1) 
patient population, (2) positive healthcare effect and 
study endpoints, (3) study design, (4) study location, 
(5) observation period and observation times, (6) sam-
ple size and drop-out, and (7) study results. These cat-
egories are used to guide the step-by-step reporting of 
findings.

Fig. 1 Methodological approach

BfArM = Federal Institute for Drugs and Medical Devices (German: Bundesinstitut für Arzneimittel‑ und Medizinprodukte, DiGA = Digital health 
application
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Patient population and patient characteristics
A positive healthcare effect must be provided for at least 
one defined patient population. The delineation is based 
on one or more indications listed in the ICD-10 catalog; 
this international classification provides a specific dis-
ease definition. Three- or four-digit ICD-10 codes are 
permissible. This can be used to distinguish whether the 
positive healthcare effect should be demonstrated for all 
patients with a specific disorder (e.g., F32.-Depressive 
Episode) or for a specific patient population (e.g., F32.0-
Mild Depressive Episode). If several indications are given, 
the evidence must be provided for each defined patient 
group. Thus, the ICD-10 code chosen is a measure of the 
specificity and concreteness of the patient population 
addressed. If the positive healthcare effect among the 
indications is comparable, the proof can be pro-vided for 
several indications combined [3].

Of 13 DiGA applications, seven address indications in 
mental health. One DiGA works at the interface of men-
tal health and metabolism (Hello Better Diabetes and 
Depression), and the others are relevant to the nervous 
system (Elevida, Vorvida), the musculoskeletal system 
(Vivira), ears (Kalmeda), and hormones and metabo-
lism (Zanadio). The majority (n = 10) of the listed DiGA 
can be prescribed for one or two indications, except for 
Deprexis with six, Velibra with four and Vivira with 20 
indications. The manufacturers of Selfapy Depression 
originally sought listing for nine indications but were 
only able to prove a positive healthcare effect for two of 
these. Vivira manufacturers were able to provide evidence 
of a positive healthcare effect for 20 of the 45 indications 
they originally sought listing for. Table 1 shows the DiGA 

indication areas addressed, and the number of ICD-10 
codes (separated into three-, four-, and five-digit codes) 
for which listing in the DiGA directory was achieved.

Except for Hello Better Vaginismus Plus, all perma-
nently listed DiGA were developed for both women and 
men. In all studies, the proportion of female participants 
was higher than that of men. This trend was evident in 
both intervention groups (IG) and control groups (CG). 
Zanadio was approved for women only, due to an insuf-
ficient number of males in the trial. All DiGA manufac-
turers defined a minimum age of 18  years as inclusion 
criterion. On average, the study participants’ mean age 
was between 28.0 (Hello Better Vaginismus Plus) and 
51.3 (Hello Better Diabetes and Depression) years. In 
all studies already published (except for Hello Better 
Vaginismus Plus) the average age of the participants was 
between 35 and 55 years. There were no significant dif-
ferences in age between IG and CG. To date, participants 
with a higher education and a permanent job are more 
frequently represented in DiGA studies (Table 2).

Positive healthcare effect and study endpoints
For permanent or provisional inclusion in the DiGA 
directory, manufacturers must demonstrate one or 
more positive healthcare effects  by means of a scien-
tific study. This proof can be provided as a medical ben-
efit (improvement of the state of health, reduction of 
the duration of the disease, prolongation of survival, or 
improvement in the quality of life), and/or a patient-rele-
vant improvement of structure and processes (e.g., coor-
dination of treatment processes, alignment of treatment 
with guidelines and recognized standards, or adherence). 

Table 1 Overview of indication area and quantity of ICD‑10‑Codes (three, four and five‑digit)

DiGA Digital health application, ICD International Classification of Diseases
a Originally targeted number of indications

DiGA Indication area Quantity ICD-10 
3 digit

Quantity ICD-10 
4 digit

Quantity ICD-10 
5 digit

Deprexis [17, 18] mental health 0 6 0

Elevida [19] nervous system 1 0 0

Hello Better Diabetes and Depression [20, 21] hormones and metabolism 2 0 0

Hello Better Panik [22, 23] mental health 0 1 1

Hello Better Stress and Burnout [24, 25] mental health 1 0 0

Hello Better Vaginismus Plus [26, 27] mental health 0 2 0

Kalmeda [28] ears 0 1 0

Selfapy Depression [29] mental health 0 2 (9)a 0

Somnio [30] mental health 0 1 0

Velibra [31] mental health 0 3 1

Vivira [32] muscles, bones, joints 0 11 (16)a 9 (29)a

Vorvida [33] nervous system 0 2 0

Zanadio [34] hormones and metabolism 0 0 2
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Table 2 Overview of patient population and patient characteristics

DiGA Patient population Patient characteristics

Gender Age Gender Age Education and/or employment 
status

IG CG IG CG IG CG

Deprexis
Study 1 [17] m / f 18‑65 years f=58 (74.4 %)

m=20 (25.6 %)
f=64 (75.3 %)
m=21 (24.7 %)

M=44 (11.02) M=40 (11.48) Educational 
status:
Lower second‑
ary=4 (5.1 %)
Middle second‑
ary=23 (29.5 %)
Higher second‑
ary=14 (17.9 %)
Highest second‑
ary=37 (47.4 %)
Employment 
status:
Full time=38 
(48.7 %)
Regular part‑
time=9 (11.5 %)
Not working=31 
(39.7 %)

Educational 
status:
Lower second‑
ary=3 (3.5 %)
Middle second‑
ary=14 (16.5 %)
Higher second‑
ary=12 (14.1 %)
Highest second‑
ary=53 (62.4 %)
Employment 
status:
Full time=31 
(36.5 %)
Regular part‑
time=16 (18.8 %)
Not working=38 
(44.7 %)

Study 2 [18] m / f 18‑65 years f=350 (68.8 %)
m=159 (31.2 %)

f=345 (68.5 %)
m=159 (31.5 %)

M=42.8 (11.0) M=42.9 (11.0) Educational 
status:
Not yet com‑
pleted=2 (0.4 %)
No degree=1 
(0.2 %)
Lower second‑
ary school=29 
(5.7 %)
Middle second‑
ary school=131 
(25.8 %)
Higher second‑
ary school 
qualifying for
university of 
applied sci‑
ence=87 (17.1 
%)
Higher second‑
ary school 
qualifying for
university=249 
(48.9 %)
Other=10 (2.0 %)
Employment 
status:
Full time=220 
(43.3 %)
Part time=117 
(23.0 %)

Educational 
status:
Not yet com‑
pleted=0 (0.0 %)
No degree=0 
(0.0 %)
Lower secondary 
school=24 (4.8 %)
Middle second‑
ary school=112 
(22.2%)
Higher secondary 
school qualifying 
for university of 
applied sci‑
ence=85 (16.8 %)
Higher secondary 
school qualify‑
ing for univer‑
sity=271 (53.8%)
Other=12 (2.4 %)
Employment 
status:
Full time=214 
(42.4 %)
Part time=114 
(22.6 %)
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Table 2 (continued)

DiGA Patient population Patient characteristics

Gender Age Gender Age Education and/or employment 
status

IG CG IG CG IG CG

Elevida [19] m / f ≥18 years f=114 (82.0 %)
m=25 (18 %)

f=108 (79 %)
m=28 (21 %)

M=40.8 (11.1) M=41.9 (9.4) Employment 
status:
Full‑time/part‑
time=71 (51 %)
Housemaker/stu‑
dent/other=13 
(9 %)
Unemployed/
unable to work/
retired= 55 (40 
%)

Employment 
status:
Full‑time/part‑
time=64 (47 %)
Housemaker/stu‑
dent/other=11 
(8 %)
Unemployed/
unable to work/
retired=61 (45 %)

Hello Better 
Diabetes and 
Depression 
[20, 21]

m / f ≥18 years f=81 (63.3%)
m=47 (36.7 %)

f=79 (62.7%)
m=47 (37.3 %)

M=50.2 (11.6) M=51.3 (11.9) Educational 
status:
Low=19 (14.8 %)
Middle=76 (59.4 
%)
High=32 (25.0 %)
Employment 
status:
Employed=77 
(60.2 %)

Educational 
status:
Low=17 (13.5 %)
Middle=64 (50.8 
%)
High=45 (35.7 %)
Employment 
status:
Employed=79 
(62.7 %)

Hello Better 
Panik [22, 23]

m / f >18 years f=27 (60 %)
m=18 (40 %)

f=24 (51.1 %)
m=23 (48.9 %)

M=39.33 
(10.83)

M=37.43 
(10.03)

Educational 
status:
Low=3 (6.7 %)
Middle=11 (24.4 
%)
High=31 (68.9 %)
Employment 
status:
Full‑time=27 
(60.0 %)
Part‑time=15 
(33.3 %)
Not employed=3 
(6.7 %)
Unemployed=0
Currently sick=0

Educational 
status:
Low=4 (8.5 %)
Middle=14 (29.8 
%)
High=29 (61.7 %)
Employment 
status:
Full‑time=25 
(53.2 %)
Part‑time=15 
(31.9 %)
Not employed=3 
(6.4 %)
Unemployed=1 
(2.1 %)
Currently sick=3 
(6.4 %)

Hello Better 
Stress and 
Burnout [24, 25]

m / f ≥18 years f=97 (73.5 %)
m=35 (26.5 %)

f=96 (72.7 %)
m=36 (27.3 %)

M=42.4 (10.7) M=44.2 (9.6) Educational 
status:
Low=3 (2.3 %)
Middle=25 (18.9 
%)
High=104 (78.8 
%)
Employment 
status:
Full‑time=105 
(79.5 %)
Part‑time=25 
(18.9 %)
Currently sick=2 
(1.5 %)

Educational 
status:
Low=2 (1.5 %)
Middle=31 (23.5 
%)
High=99 (75.0 %)
Employment 
status:
Full‑time=99 
(75.0 %)
Part‑time=32 
(24.2 %)
Currently sick=1 
(0.8 %)
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Table 2 (continued)

DiGA Patient population Patient characteristics

Gender Age Gender Age Education and/or employment 
status

IG CG IG CG IG CG

Hello Better 
Vaginismus 
Plus [26, 27]

f ≥18 years f=100 (100 %)
m=0

f=100 (100 %)
m=0

M=29.46 (9.82) M=28.04 
(7.84)

Educational 
status:
Low=0 (0.00 %)
Middle=42 
(42.00 %)
High=58 (58.00 
%)

Educational 
status:
Low=4 (4.00 %)
Middle=47 (47.00 
%)
High=49 (49.00 
%)

Kalmeda [28] m / f ≥18 years f= 49 (52.1%)
m=45 (47.9%)

f=41 (44.1%)
m=52 (55.9%)

M=48.1 (12.8) M= 48.4 (12.2) n.r. n.r.

Selfapy 
Depression 
[29]

m / f 18‑65 years IG1:
f=126 (83.4 %)
m=25 (16.6 %)
IG2:
f=126 (84.0 %)
m=24 (16.0 %)

f=81 (81.0 %)
m=19 (19.0 %)

IG1:
M=38 (10.7)
IG2:
M=37 (10.8)

M=36 (11.9) Employment 
status:
Employee: IG 
1=82 (54.3 %), 
IG2=86 (57.3 %)
Self‑employed: 
IG1=3 (2.0 %), 
IG2=4 (2.7 %)
Trainee: IG1=12 
(7.9 %), IG2=6 
(4.0 %)
Other: IG1=7 (4.6 
%), IG2=3 (2.0 %)
Not reported: 
IG1=47 (31.3 %), 
IG2=51 (34.0 %)

Employment 
status:
Employee=57 
(57.0 %)
Self‑employed=2 
(2.0 %)
Trainee=25 (25.0 
%)
Other=14 (14.0 
%)
Not reported=2 
(2.0 %)

Somnio [30] m / f ≥18 years f=21 (72 %)
m=8 (28 %)

f=18 (67 %)
m=9 (33 %)

M=41.72 
(17.31)

M=44.04 
(20.05)

Educational 
status:
Obligatory 
school=1 (3 %)
Basic apprentice‑
ship=3 (10 %)
Higher appren‑
ticeship=6 (21 %)
College=5 (17 %)
University=11 
(38 %)
Other=3 (10 %)
Employment 
status:
Self‑
employed=3 
(10 %)
Employee=17 
(59 %)
Retired=4 (14 %)
Housewife/
man=1 (3 %)
Unemployed=2 
(7 %)
Other=2 (7 %)

Educational 
status:
Obligatory 
school=2 (7 %)
Basic apprentice‑
ship=5 (19 %)
Higher appren‑
ticeship=1 (4 %)
College=4 (15 %)
University=11 
(41 %)
Other=4 (15 %)
Employment 
status:
Self‑employed=3 
(11 %)
Employee=13 
(48 %)
Retired=4 (15 %)
Housewife/
man=2 (7 %)
Unemployed=3 
(11 %)
Other=2 (7 %)
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The positive healthcare effect to be demonstrated must 
relate directly to the insured person and be proven within 
the framework of the study to be conducted by means of 
defined endpoints [3].

All permanently listed DiGA have demonstrated their 
positive healthcare effect through a medical benefit. The 
manufacturers of Velibra and Vorvida demonstrated a 
patient-relevant structural and procedural improvement, 

in addition to the medical benefit. The most frequently 
proven medical benefit of all permanently listed DiGA 
can be categorized as improvement in the state of health. 
The Vivira application manufacturers additionally aimed 
for a reduced disease duration and an improved quality 
of life, but were unable to provide evidence for either. 
The Velibra manufacturers demonstrated a patient-rel-
evant improvement of structure and process, reducing 

Table 2 (continued)

DiGA Patient population Patient characteristics

Gender Age Gender Age Education and/or employment 
status

IG CG IG CG IG CG

Velibra [31] m / f ≥18 years f=48 (69 %)
m=22 (31 %)

f=50 (72 %)
m=19 (28 %)

M=42.1 (12.2) M=41.8 (12.2) Educational 
status:
Compulsory 
school=5 (7 %)
Apprentice‑
ship=32 (46 %)
College=9 (13 %)
University=24 
(34 %)
Employment 
status:
Full‑time paid 
work=22 (31 %)
Part‑time paid 
work=21 (30 %)
Unemployed 
=13(19 %)
At‑home par‑
ent=2 (3 %)
Student=2 (3 %)
Retired=10 
(14 %)

Educational 
status:
Compulsory 
school=4 (6 %)
Apprentice‑
ship=25 (36 %)
College=10 (14 
%)
University=30 
(43 %)
Employment 
status:
Full‑time paid 
work=27 (39 %)
Part‑time paid 
work=13 (19 %)
Unemployed=11 
(16 %)
At‑home par‑
ent=3 (4 %)
Student=5 (7 %)
Retired=10 (15 %)

Vivira [32] m / f ≥18 years No data published yet

Vorvida [33] m / f ≥18 years f=170 (56 %)
m=136 (44 %)

f=149 (49 %)
m=153 (51 %)

M=40.4 (11.2) M=40.7 (12.1) Educational 
status:
Apprentice‑
ship/technical 
school=203 
(66.3 %)
University/col‑
lege=78 (25.5 %)
No vocational 
training=17 
(5.6 %)
Other=8 (2.6 %)
Employment 
status:
Employed=236 
(77.1 %)
Not 
employed=45 
(14.7 %)
Learning=15 
(4.9 %)
Other=10 (3.3 %)

Educational 
status:
Apprentice‑
ship/technical 
school=185 (61.3 
%)
University/col‑
lege=97 (32.1 %)
No vocational 
training=18 
(6.0 %
Other=2 (0.7 %)
Employment 
status:
Employed=239 
(79.1 %)
Not 
employed=41 
(13.6 %)
Learning=20 
(6.6 %)
Other=2 (0.7 %)

Zanadio [34] m / f 18‑65 years f=n.r
m=7

f=n.r.
m=6

No data published yet

DiGA Digital health application, IG Intervention group, CG Control group, m Male, f Female, M (SD) Mean (standard deviation)
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therapy-related efforts of patients and their relatives, and 
the Vorvida manufacturers, an improvement in patient 
autonomy (Table  3). Most DiGA provide evidence for 
one defined primary endpoint, except the Velibra manu-
facturers, who defined a total of five primary endpoints 
and proved four of them (the subscale, mental health, of 
the Short Form Health Survey-12, could not be proven). 
Depending on the defined patient group, various primary 
endpoints are attempted. The operationalization of the 
primary endpoints was carried out using validated ques-
tionnaires (Table 5).

Study design
A quantitative comparative (retrospective or prospective) 
study is required to provide evidence of a positive health-
care effect. Studies intended to prove a positive health-
care effect should reflect the actual healthcare reality and 
be conducted with data close to the healthcare system. 
A comparison can be made intra-individually or inter-
individually. In an intra-individual, single-arm compari-
son, the data can, for example, be collected before and 
after the application of the DiGA. In an inter-individual, 
two-arm comparison, the intervention group data (DiGA 
use) are compared with control group data. The following 
options exist for the design of the control group: (1) treat-
ment without the use of a DiGA, (2) non-treatment, and 
(3) treatment with another, comparable DiGA already 
permanently listed in the DiGA directory at the time of 
application. It is important that the selection of the con-
trol group corresponds to the standard of care [3].

All permanently listed DiGA manufacturers conducted 
a randomized controlled trial (RCT) using an inter-
individual comparison of an intervention group with 
a control group. Almost all DiGA were tested against 
standard of care. The manufacturers of Selfapy Depres-
sion originally designed two intervention groups: one 
with, and one without psychological support. Evidence 
could only be proved for DiGA use without psychologi-
cal support. Most control groups (standard of care) were 
offered access to the DiGA after the end of the study. 
Three DiGA manufacturers provided additional materials 
to the participants: Hello Better Diabetes and Depression 
enabled the control group to use an online knowledge 
transfer program, Kalmeda provided general information 
on the topic of tinnitus, and the manufacturers of Selfapy 
Depression sent weekly emails with standardized mind-
fulness exercises (Table 3).

Study location
Studies to prove a positive healthcare effect must be 
conducted in Germany, as the actual healthcare setting 
is closely linked to the positive healthcare effects. The 
comparison of the intervention against a control group 

without DiGA use is only meaningful, if a treatment in 
the German healthcare system is addressed. If the com-
parability of the healthcare situation can be proven, a 
study in other countries is also permissible [3].

Evidence of positive healthcare effect was obtained for 
11 DiGA in Germany, and for two applications in Swit-
zerland (Table 3).

Observation period and observation times
There are no concrete specifications of observation peri-
ods and times in the BfArM guideline. Baseline data 
collection is considered reasonable; the data collection 
periods (incl. possible follow-ups after the intervention 
phase) should be described [3].

The observation periods ranged from six weeks (Som-
nio) to nine months (Kalmeda, Zanadio). Most DiGA 
studies had an observation period of eight to twelve 
weeks. In addition to collecting data at baseline (t0) and 
at the fixed primary endpoint collection time, ten DiGA 
studies also collected follow-up data. In most cases, 
follow-up data were collected after six and/or twelve 
months. Almost all studies date back several years, so 
that existing data was used to prove a positive healthcare 
effect (Table 3).

Sample size and drop-out
BfArM requires studies to have an adequate sample 
size calculation/planning. In confirmatory studies, the 
sample sizes should be estimated based on the primary 
outcome measure and the relevant effect size. BfArM 
also requires studies to record the number of drop-outs 
and the respective reasons for these, with a transparent 
presentation in a study flow chart. A high drop-out rate 
should also be considered in connection with the respec-
tive clinical picture. Studies on addictive diseases, for 
example, show higher drop-out rates in actual care reality 
compared to diseases with recognized therapies and high 
responder rates. A high drop-out rate does not indicate 
the success of the application and can only be accepted to 
a limited extent [3].

The manufacturers of Somnio were able to provide 
evidence of a positive healthcare effect with the lowest 
sample size (n = 56), and the manufacturers of Deprexis 
used the largest sample (n = 1,013). Proof was provided 
for Hello Better Panik based on 92 cases. Five studies 
had sample sizes between 100 and 199, and six studies 
between 200 and 299. All other studies worked with sam-
ple sizes larger than 300. The distribution of the individu-
als to the intervention and control groups was done by 
means of 1:1 randomization in most studies; one excep-
tion was the Selfapy Depression study, with two inter-
vention groups (IG1 = 151, IG2 = 150, CG = 100). The 
drop-out rates at the time of the primary endpoint survey 
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ranged from 6.7% (Zanadio) to 30.0% (Vorvida). In the 
pre-post study of Vivira (intended to transfer the results 
to other indications), drop-out rates of more than 90% 
were observed, which is why the evidence was assessed as 
not provided. Drop-out rates were higher in intervention 
groups than in control groups, except for two studies (for 
Hello Better Panik and Selfapy Depression applications). 
Drop-out rates at the last follow-up time point ranged 
from 5.9% (Somnio, a respondent who missed t1 provided 
data at t2) to 61.3% (Selfapy Depression) (Table 4).

Study results
A positive healthcare effect is considered proven if the 
outcome is (clinically) relevant, patient-relevant, and sta-
tistically significant [3].

All studies were able to deliver significant differences 
between the intervention and control groups at the pri-
mary endpoint and thus, significant results. The effect 
sizes, according to Cohen et  al. were small effect sizes 
(< 0.5) for three DiGA; medium effect sizes (0.5–0.8) 
for six applications, and in the range of large effect sizes 
(> 0.8) for four DiGA. No effect sizes were reported for 

four DiGA. For the Deprexis study, the effect sizes of 
the two published studies were used, and for the Velibra 
study, the effect sizes were those related to the four pri-
mary endpoints. The effect sizes increased for five DiGA 
at the follow-up time point, and decreased for two DiGA. 
No effect sizes at the follow-up time point were reported 
for six DiGA. DiGA that reported the minimum clinically 
relevant difference also exceeded this effect size (Table 5).

After analyzing the requirements and implementation 
of the evidence of permanently listed DiGA, our research 
question, which methodological success factors regard-
ing evidence-based proof of benefit can be derived from 
the already permanently listed DiGA, can be summarized 
with the following Fig. 2.

The requirements stated in the BfArM guideline only 
provide a frame of reference. The factors identified in the 
present analysis can help successfully implement these 
requirements in the standard of care.

Further results
Although this was not a study objective, we have found 
the DiGA directory to lack reporting quality and 

Table 4 Overview of sample sizes and drop‑outs

DiGA = Digital health application, IG = Intervention group, CG = Control group, n.r. = Not reported, n.a. = Not applicable

DiGA Case number Drop-out at primary survey time point Total drop-out at the end of 
the study

total IG CG total IG CG total IG CG

Deprexis
Study 1 [17] 163 78 85 29 (17.8%) 17 12 45 (27.6%) 21 24

Study 2 [18] 1013 509 504 219 (21.6%) 114 105 259 (25.6%) 131 128

Elevida [19] 275 139 136 51 (18.5%) 36 15 64 (23.3%) 44 20

Hello Better
Diabetes and Depression [20, 21]

254 128 126 47 (18.5%) 31 16 74 (29.1%) 50 24

Hello Better
Panik [22, 23]

92 45 47 8 (8.7%) 4 4 20 (21.7%) 10 10

Hello Better
Stress und Burnout [24, 25]

264 132 132 21 (8.0%) 16 5 51 (19.3%) 40 11

Hello Better
Vaginismus Plus [26, 27]

200 100 100 30 (15.0%) 22 8 51 (25.5%) 42 9

Kalmeda [28] 187 94 93 24 (12.8%) 16 8 92 (48.9%) 41 51

Selfapy Depression [29] 401 IG1 = 151
IG2 = 150

100 95 (23.7%) IG1 = 19
IG2 = 30

46 246 (61.3%) IG1 = 87
IG2 = 88

71

Somnio [30] 56 29 27 4 (7.1%) 4 0 3 (5.4%) 3 0

Velibra [31] 139 70 69 19 (13.7%) 13 6 26 (37.0%) 26 n.a

Vivira [32]

RCT 215 2 n.r n.r n.r n.r n.r n.r n.r

Pre‑Post‑Study hip = 256
knee = 402

n.r n.r hip = 242 (94.5%)
knee = 372 (92.5%)

n.r n.r n.r n.r n.r

Vorvida [33] 608 306 302 183 (30.0%) 114 69 183 (30.1%) 114 69

Zanadio [34] 149 n.r n.r 10 (6.7%) n.r n.r n.r n.r n.r
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transparency, which is relevant to further development of 
the DiGA approval process.

First, of the four DiGA initially demonstrating positive 
healthcare effects through systematic data evaluation, 
hardly any pilot study results were available. Only the 
Selfapy applications provisional results could be found in 
the DiGA directory.

Second, the DiGA directory was not sufficient for a 
complete analysis of the seven identified categories and 
the evidence produced; further sources, such as study 
registries, study reports and publications, had to be 
obtained. Finally, we found one case in which the results 
reported in the DiGA directory did not match to those 
from the study report.

Discussion
The aim of this study was to identify BfArMs require-
ments of studies that prove a postulated positive health-
care effect, and, to assess the evidence of applications 
permanently listed in the DiGA directory.

Permanently listed DiGA meet higher requirements 
for demonstrating a positive healthcare effect, than those 
specified in the guideline. Most DiGA focused on one 
or two indications (ICD-10 codes), and proved a medi-
cal benefit through a RCT. All DiGA studies were able to 
prove patient relevance and achieved statistically signifi-
cant results, however, observation periods, sample sizes 
and drop-out rates differed substantially among studies.

Patient population and patient characteristics
Permanently listed mental health DiGA are most fre-
quently represented in the DiGA directory. A focus on 
one or two indications (ICD-10 codes) seems to predict 
success for a permanent listing. This could be explained 
by specific and homogeneous patient populations being 
needed to provide adequate evidence. Surprising is how-
ever, that the BfArM guideline clearly specifies that inclu-
sion in the DiGA directory is only possible for three or 
four-digit ICD-10 codes. Nevertheless, three manufac-
turers (Hello Better Panik, Velibra, Zanadio) achieved 
permanent listing using only a five-digit ICD-10 code.

In all studies aiming to demonstrate a positive health-
care effect, the proportion of women represented in the 
populations (in both IG and CG) was higher than that 
of men. A report from a German health insurance com-
pany also showed that more women use DiGA than men. 
Since gender-specific disease prevalence among insured 
patients in the (as of yet) main DiGA indications can 
sometimes differ greatly, this may be a result [53].

In almost all studies, the mean age of the participants 
was between 35 and 55 years. An analysis by a German 
health insurer of the age structure of all insured adults 
with at least one DiGA claim as of December  31st, 2021 
showed that 27% were aged 50–59 years, followed by 22% 
aged 30–39 years, and 20% aged 40–49 [53].

DiGA studies published to date show that individuals 
with better education and employment status participated 

Fig. 2 Overview of methodological success factors regarding evidence‑based proof of benefit of permanently listed DiGA

DiGA = Digital health application, ICD = International Classification of Diseases
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more frequently. International studies also show that the 
use of mobile apps is unevenly distributed in society; a 
US-America study showed that people with an academic 
education had a higher (2.8-fold) chance of using a health 
app, compared to those without a high school diploma. 
The study also showed that higher education was associ-
ated with more frequent use of digital health services [54]. 
A study from the Netherlands also points to social differ-
ences in the use of health apps, and showed that people 
who used a health app were younger and more educated, 
compared to those who did not [55]. An important fac-
tor that should be considered in relation to these dis-
cussed aspects is the willingness to participate in a clinical 
trial. Gouveia et al. (2022) showed that the willingness of 
younger patients to participate was significantly higher 
compared to older patients. In contrast, gender, lifestyle, 
employment status, monthly income, or education showed 
no influence on willingness to participate [56]. Another 
point influencing participation in a clinical trial is per-
sonal treatment preference [57]. In addition to willingness, 
attitude, and patients’ motivation to use a DiGA and/or 
participate in a trial, their previous experience with digi-
tal tools and their habits to use such tools for their disease 
self-management needs to be considered [58, 59]. Due to 
the influencing factors mentioned above, and the scarce 
data on DiGA implementation, it is not fully understood 
whether DiGA address the entire defined study popula-
tion, or only certain subgroups. This fact underlines the 
high relevance of subgroup analyses for the manufacturers.

There is a need for further research on the monitor-
ing of the actual use of DiGA by all statutory health 
insured in Germany, to assess whether the study popula-
tions correspond to the actual target groups. At the same 
time, during the process of the DiGA approval, respon-
sible authorities should monitor whether pilot/feasibil-
ity studies, and those needed for permanent listing, may 
have the potential to recruit more diverse populations, 
and thereby increase external validity of the trials. The 
inherent concern is that digitally competent and literate 
patient populations are recruited, and other specific pop-
ulations overlooked. This may further amplify the digital 
divide in Germany [60]. Also Stern et al. (2022) point out 
that equity aspects must be taken into account to ensure 
that health inequalities are not reinforced, or even cre-
ated in the first place [12]. As such, DiGA manufacturers 
should be encouraged to take additional efforts to effec-
tively recruit all genders, as well as a variety of cultural 
backgrounds and different levels of digital health liter-
acy. This would enable subgroup analyses, identify those 
requiring additional support for adequate DiGA usage, 
and ultimately support individualized DiGA recommen-
dations, according to patient characteristics, competen-
cies and preferences [61].

Positive healthcare effect and study endpoints
It is striking that— although patient-relevant structural 
and procedural improvements show high potential for 
improving care, especially in terms of processes — all 
DiGA have provided a positive care effect via a medi-
cal benefit. Lantzsch et  al. (2022) pointed out needed 
improvement in using outcomes for patient-relevant 
improvement of structure and processes regarding an 
improved evaluation [11]. All applications were able 
to demonstrate an improvement in health status. Only 
one DiGA additionally aimed for an improved quality 
of life, and a reduced disease duration, which, however, 
could not be achieved. DiGA that provide a medical ben-
efit in the form of a health status improvement seem to 
have the greatest likelihood to be permanently listed in 
the DiGA directory. Focusing on one primary endpoint 
seems to predict success for a permanent listing; the 
majority of the DiGA provide evidence for one defined 
primary endpoint. With regards to the study endpoints 
and measurements used, the analysis found that multiple 
endpoints were used, which is not surprising, given the 
range of indications covered. However, the heterogene-
ous measurements used to assess these endpoints offer a 
standardization potential, which will be increasingly rel-
evant as more DiGA for the same indications are listed. 
To close this gap, it is possible to use Core Outcome Sets 
(COS). The idea of COS, is to provide a minimum set of 
outcome domains and a consensual set of measurement 
tools to be used in every clinical study with a comparable 
intervention and target population. Development of new, 
or expansion of existing COS for the evaluation of DiGA, 
can improve comparability of study results [62, 63].

Study design
Although BfArM accepts study designs with a lower level 
of evidence for the proof of a positive healthcare effect, 
all manufacturers of permanently listed DiGA conducted 
a study with a high level of evidence. Implementing a 
RCT was therefore a factor increasing the likelihood of 
permanent inclusion in the DiGA directory. RCTs are not 
only conducted in the medical sector, but increasingly 
also in the technology sector [64], and are therefore con-
sidered a promising study design for DiGA. However, the 
comparatively short innovation cycles for new technolo-
gies can be an obstacle to conducting RCTs in a DiGA 
context. The DiGA and its individual components are 
usually continuously adapted and further developed by 
the manufacturers, so that new versions are often already 
available before the evaluation of the original version is 
completed. One success factor here can be a continuous, 
learning evaluation of the continuously changing DiGA 
process [14]. Stern et  al. (2022) cite actual or perceived 
risks of regulatory uncertainty, as possible reasons for 
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deciding against non-RCT studies. It may then be more 
risky or costly for manufacturers to subsequently switch 
to a more traditional study design after an unsuccessful 
trial [12].

Although both inter- and intra-individual compari-
sons are allowed, all manufacturers chose to compare 
an intervention group with a control group. Different 
methods are proposed for this comparison. DiGA manu-
facturers have compared to treatment without DiGA, or 
to no treatment. The third option — comparison with 
another comparable DiGA that is already permanently 
listed in the DiGA directory at the time of application — 
will become more relevant as the DiGA directory grows. 
Increasing in popularity is a fourth conceivable pathway; 
the design of a placebo DiGA, allowing blinding to be 
maintained. Stern et  al. (2022) emphasize the relevance 
of establishing best practices and methods to accurately 
define the comparison group [12].

Observation period and observation times
BfArM requires a description of baseline data, data col-
lection periods, and follow-up times, but leave manu-
facturers flexibility in observation periods. Despite 
this, choosing a plausible observation period fitting to 
the indication, is important. If the observation period 
is shortened, justifying transferability of the achieved 
effect(s) to the prescribing period, is advisable. Stern et al. 
(2022) consider planning of washout phases, in which 
patients do not receive any therapies prior to the start 
of the actual intervention [12]. In any case, the obser-
vation dates must be clearly defined. In fact, almost all 
studies date back several years, meaning already existing 
data were used to prove the positive health effect. Since 
May  27th, 2020, manufacturers can submit applications 
to be included in the DiGA directory. The directory was 
started on October  6th, 2020. Only three trials (Kalmeda, 
Vivira, Zanadio) started in 2020/2021. The study for the 
application Vivira led to permanent listing in the DiGA 
directory in only 12 weeks, with a total study duration of 
five months.

Study results
According to BfArM, a positive healthcare effect is con-
sidered proven if the outcome is (clinically) relevant, 
patient-relevant, and statistically significant. All DiGA 
study results were able to prove patient relevance and 
achieve statistical significance, and are central to success-
ful entry in the registry.

Although the questionnaire scores improved after the 
application of the DiGA, the symptoms partly remained 
similar. One example is Hello Better Panik; here, though 
participants’ scores on the PAS scale (German version: 
Panik- und Agoraphobieskala) improved by 6.45 (IG) 

and 1.83 (CG) from baseline (compared to the primary 
endpoint), symptoms remained moderate. Similarly, 
Hello Better Stress und Burnout showed improved Per-
ceived Stress Scale scores (by 8.01 (IG) and 2.19 (CG) 
from baseline compared to the primary endpoint), how-
ever symptoms also remained moderate. These examples 
show the limitations of DiGA. Somnio, however, showed 
differences in the Insomnia Severity Index of 7.58 (IG) 
and 1.22 (CG), thus improving from moderate insomnia 
to subthreshold insomnia; DiGA also have the potential 
to greatly improve users’ health.

Further results and recommendations
In comparing the evidence required with the evidence 
provided by permanently listed DiGA, it was clear that 
transparency is not yet fully apparent. Particularly, 
gaining a fully comprehensive picture on some aspects 
(patient population, study endpoints, study location, 
drop-out rates, and study results) was not possible, using 
the DiGA directory alone. Other sources had to be con-
sulted, such as study registers, study reports and pub-
lications. In one case, the results reported in the DiGA 
directory did not match those in the study report. The 
claimed user-friendliness of the directory must also be 
questioned. The user only gets an insight into the mean 
values/mean value comparisons. An interpretation aid 
for the meaning of these figures is missing.

In the future, the DiGA directory should be an essential 
tool for medical professionals. An important step for the 
spread of health apps and their integration into clinical 
practice, is the education of clinicians regarding avail-
able technologies [4]. A study with 51 physicians showed 
that half of the respondents expect to be able to identify 
high-quality DiGA using the DiGA directory. This group 
is more likely to prescribe DiGA [65]. To increase DiGA 
acceptance and willingness to prescribe among physi-
cians, a transparent, complete, and correct presentation 
of the information is indispensable.

Future research needs are identified in the continuous 
evaluation of the fast-track process, with special attention 
to requirements of DiGA manufacturers. As an innova-
tive and learning system in healthcare which is constantly 
being developed and improved (with increasingly specific 
requirements for DiGA manufacturers, and the growing 
DiGA directory), an accompanying monitoring could be 
a central success factor.

Limitations
The current study combined multiple methods to ana-
lyze the available evidence of listed DiGA. However, 
only available studies, data, and information on the 
applications permanently listed in the DiGA direc-
tory were included in the analysis, due to the lack of 
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evidence for provisionally listed applications. There-
fore, recommendations may not be transferable to 
DiGA manufacturers aiming for provisional listing. 
Furthermore, evidence available for permanently listed 
DiGA was not identified through a systematic literature 
search. To limit the risk of overlooking relevant studies, 
numerous independent sources were used to identify 
DiGA-specific information. In addition to the DiGA 
directory, entries in study registries, study protocols, 
study reports, submitted publications, and manufactur-
ers’ websites, were used as information sources.

Conclusion
The results of this analysis indicate that permanently 
listed DiGA meet higher standards than required by 
the guideline. Before prescribing a DiGA, its evidence 
should be carefully examined. The identified suc-
cess factors provide healthcare practitioners with a 
transparent overview of the status quo of applications 
already tested. They can also support future manu-
facturers in the development and evaluation of their 
DiGA. With regards to the various endpoints used 
in the presented studies, future DiGA trials should 
focus on the most relevant outcomes, and strive 
towards comparability of results (especially among 
DiGA for the same indication). In addition, an analy-
sis of DiGA-use in everyday care should become the 
subject of further implementation research. Overall, 
there is a need for accompanying monitoring; from 
the application development, through its testing dur-
ing the evaluation study, to its use in everyday care. A 
growing DiGA system could be a beneficial improve-
ment for the whole healthcare system.
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Hello Better Vaginis‑
mus Plus

DiGA directory:
https:// diga. bfarm. de/ de/ verze ichnis/ 1497
Publication:
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Zill et al. (2019): https:// www. aerzt eblatt. de/ 
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Study report:
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Study protocol:
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Zanadio DiGA directory:
https:// diga. bfarm. de/ de/ verze ichnis/ 294
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