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A B S T R A C T   

Background: Depression is one of the most disabling disorders worldwide, yet it often remains undetected. One 
promising approach to address both early detection and disease burden is depression screening followed by 
direct feedback to patients. Evidence suggests that individuals often seek information regarding mental health on 
the internet. Thus, internet-based screening with automated feedback has great potential to address individuals 
with undetected depression. 
Objectives: To determine whether automated feedback after internet-based depression screening reduces 
depression severity as compared to no feedback. 
Methods: The internet-based, observer-blinded DISCOVER RCT aims to recruit a total of 1074 individuals. Par-
ticipants will be screened for depression using the Patient Health Questionnaire (PHQ-9). In case of a positive 
screening result (PHQ-9 ≥ 10), participants with undetected depression will be randomised into one of three 
balanced study arms to receive either (a) no feedback (control arm), (b) standard feedback, or (c) tailored 
feedback on their screening result. The tailored feedback version will be adapted to participants' characteristics, 
i.e. symptom profile, preferences, and demographic characteristics. The primary hypothesis is that feedback 
reduces depression severity six months after screening compared to no feedback. The secondary hypothesis is 
that tailored feedback is more efficacious compared to standard feedback. Further outcomes are depression care, 
help-seeking behaviour, health-related quality of life, anxiety, somatic symptom severity, intervention accep-
tance, illness beliefs, adverse events, and a health economic evaluation. Follow-ups will be conducted one month 
and six months after screening by self-report questionnaires and clinical interviews. According to a statistical 
analysis plan, the primary outcome will be analysed on an intention-to-treat basis applying multilevel modelling. 
Discussion: The results of the DISCOVER RCT will inform about how automated feedback after internet-based 
screening could improve early detection and resolution of depression. Ways of dissemination and how the 
trial can contribute to an understanding of help-seeking behaviour processes will be discussed. If the results show 
that automated feedback after internet-based depression screening can reduce depression severity, the inter-
vention could be easily implemented and might substantially reduce the disease burden of individuals with 
undetected depression. 
Ethical approval: The study is approved by the Ethics Committee of the Hamburg Medical Association. 
Trial registration: The trial was registered at ClinicalTrials.gov in November 2020 (identifier: NCT04633096).   
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1. Background 

Major depression is one of the most disabling disorders worldwide 
and affects one out of ten individuals over their lifetime (Busch et al., 
2013; Vos et al., 2020). Untreated depression leads to rising healthcare 
costs, has an increased likelihood of a chronic course and treatment 
resistance and, most importantly, results in an increased disease burden 
(Chisholm et al., 2016; Fichter et al., 2010; Ghio et al., 2014). Never-
theless, depression often remains undetected: in primary care, for 
example, it is estimated that only 50% of depressed patients are 
correctly diagnosed as such (Mitchell et al., 2009; Trautmann and 
Beesdo-Baum, 2017). One promising approach to address early detec-
tion of depression is widely accessible depression screening. 

Standardised depression screening alone, however, appears to be 
insufficient to alter disease burden (Gilbody et al., 2008; Thombs et al., 
2014). A worthwhile approach to increase the efficacy of depression 
screening is to enhance patient engagement by feedback provided 
directly to the individual. In line with self-regulation theories of health 
behaviour (e.g. Leventhal et al., 2003), feedback allows individuals to 
recognise that they suffer from depression and motivates individuals to 
actively engage in functional health behaviour such as help-seeking and 
depression care. In turn, this should reduce depression severity in the 
long run. Indeed, the results of our preceding DEPSCREEN-INFO RCT 
indicate that a feedback intervention - including the screening result as 
well as recommendations on further diagnostic consultation and help- 
seeking – can increase patients' engagement in seeking information on 
depression and, most importantly, reduce depression severity after six 
months in patients with coronary heart disease (Löwe et al., 2016). 

To expand the evidence on feedback after depression screening to the 
primary care setting, we currently run the multicentre RCT GET.FEED-
BACK.GP (Kohlmann et al., 2020). Yet, barriers such as fear of stigma-
tisation or the desire to handle the problem on one's own often deter 
professional help-seeking in depression (Boerema et al., 2016; Scho-
merus and Angermeyer, 2008). Whereas individuals with stigmatised 
symptoms may be reluctant to present to a health professional, however, 
the internet has increasingly become a source for individuals with 
elevated depression severity to actively seek mental health information 
(Berger et al., 2005). In Germany, for example, one of four individuals 
would consider seeking help for mental health online (Eichenberg et al., 
2013). Conducting the feedback intervention as an internet-based 
intervention, therefore, appears to have a great potential to reach a 
large population of affected individuals outside of the medical system. 

In other domains such as prevention and intervention of mental 
disorders, internet-based interventions have already been shown to be 
effective (e.g. Ebert et al., 2017; Karyotaki et al., 2017; Richards and 
Richardson, 2012). Additionally, they can bring the benefits of fostering 
anonymity, of being cost-effective, and of being scalable, thus allowing 
for large populations to be reached (Andersson, 2016; Andersson and 
Titov, 2014; Ebert et al., 2017). Notably, the internet-based format also 
offers the possibility to individually tailor the feedback according to 
individuals' characteristics (Andersson and Titov, 2014). This is prom-
ising, as compared to standard health messages, tailored messages are 
more frequently read, better remembered and perceived as more rele-
vant (Ryan et al., 2001). Regarding depression, tailored health messages 
motivate patients to engage in depression care and can help to reduce 
depression severity (Levesque et al., 2011; Shah et al., 2014). Tailored 
feedback after depression screening offers the opportunity to match 
depression-related information to individuals' characteristics with the 
aim to make it more salient. Accordingly, tailored feedback has the 
potential to enhance the effect on patient engagement and depression 
severity compared to standardised feedback. 

Here, we describe the three-armed DISCOVER RCT to address early 
detection and resolution of depression by testing the efficacy of auto-
mated feedback after internet-based depression screening, as compared 
to no feedback. In addition, we will compare the efficacy of a stand-
ardised version of the feedback with a version that is tailored to 

participants' symptom profiles, preferences, and sociodemographic 
characteristics. The primary outcome will be depression severity six 
months after internet-based screening. To allow for a comprehensive 
evaluation, further secondary outcomes and process variables will be 
examined. 

1.1. Trial hypotheses 

The primary hypothesis is that depression severity six months after 
screening is lower in each of the two feedback study arms (STANDARD 
FEEDBACK and TAILORED FEEDBACK) as compared to the NO FEED-
BACK study arm. As we assume that tailored feedback can maximise the 
efficacy of standardised feedback, the secondary hypothesis is that 
depression severity six months after screening is lower in the TAILORED 
FEEDBACK arm as compared to the STANDARD FEEDBACK arm. 

2. Methods 

2.1. Design 

The DISCOVER trial is designed as an internet-based, observer- 
blinded, randomised controlled clinical trial with three parallel groups, 
which is conducted nationwide in Germany. After undergoing an online 
depression screening with the Patient Health Questionnaire-9 (PHQ-9; 
Kroenke et al., 2001; Löwe et al., 2004a,b), participants with suspected 
depressive disorder (PHQ-9 ≥ 10 points) will be randomised into one of 
three balanced study arms: (a) NO FEEDBACK, (b) STANDARD FEED-
BACK, or (c) TAILORED FEEDBACK on their screening result. Assess-
ments will be conducted online and via telephone and will be scheduled 
at baseline (before randomisation: T0; 2 days after randomisation: T1), 
at 1-month (T2), and at 6-months follow-up (T3). The primary objective 
of the trial is to show superiority of both feedback arms compared to the 
control arm regarding depression severity 6 months after screening. 

The trial (protocol) will be conducted and reported according to 
adequate CONSORT 2010 extensions and the CONSORT E-HEALTH 
statement (Boutron et al., 2017; Eysenbach, and Group, 2011; Moher 
et al., 2010; Montgomery et al., 2018; Schulz et al., 2010), as well as the 
SPIRIT 2013 statement (Chan et al., 2013). 

2.2. Inclusion and exclusion criteria 

Eligibility criteria will be assessed within a self-report online survey 
at T0. Participants will be required to (a) be aged 18 years or above, (b) 
have sufficient German language proficiency, (c) show an indication for 
at least moderate depression (PHQ-9 ≥ 10 points), (d) provide contact 
details, (e) have internet access, (f) have sufficient computer/internet 
literacy and (f) be willing to give informed consent. Participants will be 
excluded (a) if they were diagnosed with depression within the past 12 
months or (b) if they currently are or were receiving depression treat-
ment within the past 12 months. 

2.3. Recruitment and procedure 

The trial will be publicly promoted as a study ‘on stress and psy-
chological well-being’. Study participants will be recruited from the 
general population through traditional and social media campaigns (e.g. 
advertisement on related websites/newsletters and Google, posts on 
Facebook, Instagram and Twitter) and through print advertisement in 
public areas of several German cities (e.g. flyers, posters). To reach a 
sample that strives for representativeness of the German population with 
respect to age and gender, a marketing company will further advertise 
the study via a population wide online access survey panel. Recruitment 
success and sample characteristics (i.e. age, gender) will be monitored 
on an ongoing basis and strategies will be adapted, if necessary. 
Recruitment has started in January 2021 and is planned to run for 12 
months. 
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All recruitment ways will lead to the open access study website 
(https://www.discover-studie.de), which is designed in responsive 
design to ensure optimal usability for all types of devices (e.g. mobile 
devices, tablets). The website contains detailed information on the 
study, data safety procedures, the study team, and contact information. 
Interested applicants will be asked to provide online informed consent 
and thereafter to complete the T0 assessment. All participants indicating 
an elevated suicide risk (PHQ-9 suicide item ≥2 points) will be shown a 
screen with urgent advice to seek help and relevant information on 
available help services (e.g. general practitioner, local psychiatric 
emergency units, and the national emergency number). After having 
completed the survey, all eligible participants will be randomised and 
will be directly provided with feedback on their depression screening 
result (STANDARD and TAILORED FEEDBACK) or a ‘thank you’-note 
(NO FEEDBACK). They will be contacted and reminded via email on the 
online follow-up assessments (T1–T3) and via telephone for supple-
mental clinical interviews (T1 and T3). Whereas the T0 assessment will 
not be financially rewarded, for each complete follow-up assessment 
participants immediately receive a compensation of five euro as a 
voucher (i.e. 3 × five euro vouchers in total). Fig. 1 provides a detailed 
overview of the study flow. 

All procedures involved in the study are consistent with generally 
accepted standards of ethical practice such as the Declaration of Helsinki 
and have been approved by the Ethics Committee of the Hamburg 
Medical Association in July 2019 (reference number: PV7039). The trial 
was registered at ClinicalTrials.gov in November 2020 (identifier: 
NCT04633096). 

2.4. Randomisation and blinding 

Randomisation will be based on a computer-generated random-
isation sequence (1:1:1 allocation ratio), which was conducted by an 
independent researcher of the Department of Medical Biometry and 
Epidemiology and is not accessible to any other study team member. The 
sequence consists of permuted blocks of randomly arranged sizes (6, 9, 
and 12) and is stratified by baseline depression severity (moderate: 
PHQ-9 ≥ 10–14 points; severe: PHQ-9 ≥ 15 points) to guarantee equity 
of sample sizes across study arms and severity levels. Allocation will be 
performed by a computerised system, ensuring allocation concealment. 
Individuals who participate multiple times will be automatically allo-
cated to the same study arm as before. This process is ensured by a 
privacy-preserving record linkage service which identifies double en-
tries based on personal data and the IP address (Mainzelliste; Rohde 
et al., 2021). 

Participants will know their allocation due to the nature of the 
intervention but will be kept unaware of trial hypotheses to minimise 
expectancy bias. The research staff assessing outcomes in the telephone 
interviews will be blind to the allocation at any time. Steps to control for 
blindness include the following: after every interview, assessors are (a) 
instructed to document if participants have disclosed their random-
isation status and (b) asked to guess the study arm. After study closure, 
this guess will be compared with the actual status and Cohen's kappa 
will be computed to identify whether hit rates differ from what can be 
expected from chance. 

T0 baseline assessment (online)

Randomisation (if PHQ-9 ≥ 10)
(n = 1074)

TAILORED FEEDBACK
(n = 358)

NO FEEDBACK
(n = 358)

STANDARD FEEDBACK
(n = 358)

Data for primary analysis 
(T3)

(n = 233)

Data for primary analysis 
(T3)

(n = 233)

Data for primary analysis 
(T3)

(n = 233)

T1: 2 days after randomisation (online + telephone)

T3: 6-months follow-up (online + telephone)

Expected 
loss to 

follow-up: 
35%

Excluded: 
- No informed consent
- No contact details
- No German language 
- proficiency
- No computer/internet 
..literacy

T2: 1-month follow-up (online)

Visit of study website; 
study information and online 
informed consent provided 
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Excluded 
- Age < 18 years 
- PHQ-9 < 10 points 
- Depression treatment
- within last year
- Depression diagnosis within  
- last year

Fig. 1. Flow chart of the DISCOVER trial according to the SPIRIT 2010 statement. 
Note. PHQ-9 = Patient-Health-Questionnaire-9. 
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2.5. Sample size 

Based on the results of the preceding DEPSCREEN-INFO trial (Löwe 
et al., 2016), the study is powered to detect a small mean difference 
(Cohen's f = 0.118) in the primary outcome (depression severity) in any 
pairwise comparison between all three study arms. The calculation is 
based on a global one-way ANCOVA adjusted for baseline depression 
severity, with an alpha of 0.05 (two-sided) and a power of 80%. It results 
in a needed sample size of n = 233 participants per group (PASS, 2008). 
To allow for an estimated drop out of 35% (c.f. Christensen et al., 2009), 
358 participants per group will be recruited (1074 in total). 

2.6. Study arms 

After completing the PHQ-9 depression screening questionnaire at 
T0, all eligible participants who score 10 points or higher will be directly 
randomised into one of the three study arms. Independent of the study 
arm, all participants will be provided with a ‘thank you’-note and in-
formation on further follow-up procedures. 

2.6.1. No feedback 
This study arm serves as a passive control condition. The participants 

will not get any feedback on their screening result. 

2.6.2. Standard feedback 
Participants in this study arm will receive standardised feedback 

comprising the following four sections: (a) the depression screening result, 
(b) a note to seek diagnostic consultation by a health professional, (c) brief 
general information on depression, and (d) information on depression 
treatment (based on the German National Clinical Practice Guideline for 
Unipolar Depression; DGPPN et al., 2015). In line with the Common- 
Sense Model of Self-Regulation (Leventhal et al., 2003, 2016), the 
feedback content is designed to trigger adaptive illness beliefs such as an 
adequate illness identity, a coherent understanding of the condition, and 
optimistic control expectations. These, in turn, should guide patient 
engagement in functional health behaviour such as help-seeking and 
depression care. 

The feedback intervention was developed in a multistage process. 
First, the underlying feedback version used in the preceding 
DEPSCREEN-INFO trial was subjected to re-evaluation and updating in 
several focus groups, involving patient representatives with depressive 
disorder (Seeralan et al., 2020). Based on the results of this qualitative 
study, needs and preferences of the target group could be assessed and 
implemented, resulting in the feedback version used in the currently 
running GET.FEEDBACK.GP trial (Kohlmann et al., 2020; see Supple-
mental Fig. I). For the use in DISCOVER, a digital art/graphic agency 
(Wood Agency, Hamburg) further adapted the feedback material to the 
possibilities of internet-based presentation. Namely, the present version 
is extended by (animated) graphic elements, adaptively available 
further information on specific contents, direct links to referenced 
health or social services (e.g. online therapies, self-help groups), and the 
possibility to download the feedback form as a pdf-file that includes the 
active links from the website. Throughout the process, the selection of 
content, design, and language was aligned to the current evidence on 
patients' needs in technology-based mental health interventions (e.g. 
Bakker et al., 2016; Hadjistavropoulos et al., 2018; Rozbroj et al., 2014; 
Torous et al., 2018). 

Fig. 2 depicts an excerpt of the feedback screen as displayed in the 
desktop version (see Supplemental Fig. II, for the complete version). For 
smaller devices such as tablets and smartphones, the content is displayed 
in responsive design (i.e. the design automatically adapts to the size and 
type of the output device). 

2.6.3. Tailored feedback 
In order to trigger more salience, the content of the STANDARD 

FEEDBACK version is tailored to participants' characteristics as follows: 
First, the presentation of the screening result is framed according to par-
ticipants' individual symptom profiles (e.g., ‘You have indicated that you 
had low spirits, sleep disturbances, and loss of energy during the past two 
weeks.’, see Fig. 3). Second, the note to seek further diagnostic consul-
tation is matched to participants' specialist preferences (general practi-
tioner vs. mental health professional). Third, the information on 
depression is tailored to participants' symptom profiles (e.g. ‘Typical 
symptoms of depression are for example low spirits and sleep disturbances.’) 

significant  
depressive symptoms

moderate depressive 
symptoms

no depressive 
symptoms

You have indicated that you have felt affected by some symptoms during the past two weeks. 
According to our evalua�on* these are

*The evalua�on is based on the

What did your answers reveal?

These symptoms are most likely indica�ons of depression. Please note that this feedback 
does not take the place of a thorough medical diagnosis.

And now - what should I do first?
Your symptoms are common - seeking advice helps. It is best to make an 
appointment with your general prac��oner to talk about your evalua�on. You can 
print it out and take it with you to start the conversa�on. Alterna�vely, you can 
also arrange an ini�al consulta�on with a specialist (e.g. psychotherapist) nearby: 
quickly and easily via the na�onwide appointment service center.

Print your feedback Make an appointment

Fig. 2. Standard feedback: First screen as displayed on the DISCOVER study website (English translation).  
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and their symptom causal attributions (e.g. ‘Triggers are for example stress 
with the partner, negative thinking patterns, or a physical illness.’). Lastly, 
treatment options and help seeking advices are adapted to participants' 
health insurance providers and local residency in Germany (e.g. by providing 
links to self-help groups located nearby or to online therapies which are 
covered by the participant's health insurance provider). 

Additionally, directly after being provided with the screening result, 
participants are asked the following two questions: ‘Do you think your 
symptoms are indications of depression?’ and ‘Do you worry about your 
symptoms?’ (see Fig. 3). According to participants' answers, the 
following three feedback sections are arranged in a differing order. If 
participants indicate assigning their symptoms to depression and 
worrying about them, the information on depression treatment is pre-
fixed to the general information on depression, resulting in the following 
order: (b) note to seek diagnostic consultation, (c) information on 
depression treatment, (d) information on depression. If participants do 
not think that their symptoms relate to depression and/or do not worry 
about them, the information on depression is prefixed to the other sec-
tions, leading to the following order: (b) information on depression, (c) 
note to seek diagnostic consultation, (d) treatment information. Further, 
dependent on the combination of answers, the information on depres-
sion and the note to seek diagnostic consultation are phrased differently 
and are extended by information on depression prevalence and negative 
consequences of depression, both tailored to participants' risk profile (e. 
g. ‘Depression is common, and particularly people with diabetes are often 
affected.’, and ‘In the long term, depressive symptoms have negative 
consequences – for example they can worsen the course of diabetes.’). 
Examples for the resulting feedback versions for all combinations of 
answers can be found in Supplemental Fig. III. 

2.7. Outcomes 

The primary outcome of the study will be self-reported depression 
severity (Patient Health Questionnaire-9) 6 months after screening. 
Secondary outcomes are guideline-based depression care (i.e. propor-
tion of individuals treated according to the German depression guide-
line), depression-related help-seeking behaviour (i.e. proportion of 

individuals seeking formal/informal help), health-related quality of life, 
anxiety severity, somatic symptom severity, and adverse events, all at 6 
months after screening, as well as depression severity and intervention 
acceptance, both at 1 month after screening. Further, 6 months after 
screening a health economic evaluation will be conducted based on 
direct costs (healthcare utilisation), indirect costs (productivity loss), 
and health-related quality of life. Corresponding measures are described 
in Section 2.8. 

2.8. Data collection and measures 

Data collection will be scheduled at baseline (before randomisation: 
T0; 2 days after randomisation: T1), and at 1-month (T2) and 6-months 
follow-up (T3). Assessments will comprise online self-report question-
naires (T0–T3) as well as clinical telephone interviews (T1 and T3 only). 
The baseline assessment is split into T0 and T1 two days later for two 
reasons: (a) to reduce potential recall effects from the PHQ-9 assessment 
at T0 to subsequent clinical interviews, and (b) to minimise participant 
burden and promote survey completion at T0. The latter is justified by 
the fact that only retrospective measures that are unlikely to be imme-
diately influenced by the intervention (e.g. healthcare utilisation in the 
past 6 months) are assessed subsequently. To promote retention, email 
invitations to the online surveys will include information highlighting 
the importance of follow-up assessments and email reminders will be 
sent to participants at regular intervals if their surveys stay incomplete 
(up to 5, 7, and 10 reminders at T1, T2 and T3, respectively). All pro-
cedures will be managed computerised. 

All measures will be entered into electronic data capture systems. 
The system for self-report data is implemented in the study website and 
shows one questionnaire (desktop version) or one question (smartphone 
version) per screen. It checks for completeness of questionnaires before 
submitting, allows participants to change their answers, and uses 
adaptive questioning to reduce the complexity of questionnaires, if 
applicable. In order to potentially identify invalid entries, all online 
surveys will comprise the following two questions as validity checks: (a) 
‘Have you answered the questions for yourself?’ and (b) ‘Have you 
answered the questions seriously?’ 

significant  
depressive symptoms

moderate depressive 
symptoms

no depressive 
symptoms

You have indicated that you had low spirits, sleep disturbances, and loss of energy
during the past two weeks. According to our evalua�on* these are

*The evalua�on is based on the

What did your answers reveal?

These symptoms are most likely indica�ons of depression. Please note that this feedback 
does not take the place of a thorough medical diagnosis.

This feedback can be overwhelming or confusing at first. We would like to help you. Please 
answer the following two ques�ons, and you will receive more detailed informa�on.

Do you think your symptoms are 
indications of depression?

Are you worried about your symptoms?

yes no maybe yes no

Fig. 3. Tailored feedback: First screen as displayed on the DISCOVER study website (English translation).  
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Table 1 shows an overview of all measures and corresponding 
assessment time points. 

2.8.1. Depression severity 
Depression severity will be assessed by the German version of the 

Patient Health Questionnaire-9 (PHQ-9; Kroenke et al., 2001; Löwe 
et al., 2004a,b). The PHQ-9 consists of 9 items covering all major 
depression symptom criteria as stated in the DSM-5. Each item refers to 
the past two weeks and is scored on a 4-point Likert scale (0–3), resulting 
in a total score ranging from 0 to 27. The PHQ-9 is among the most 
frequently used and best validated self-report depression questionnaires: 
it has good psychometric properties, is sensitive to change and respon-
sive to treatment (Kroenke et al., 2001; Löwe et al., 2004b). When 
delivered online, it has shown to have a good inter-format reliability to 
the paper version (Erbe et al., 2016). With regard to depression 
screening, the PHQ-9 (cut-off of 10 points) is recommended as the most 
suitable instrument compared with others in a recent meta-analysis 
(Miller et al., 2021), showing high sensitivity (0.88) and specificity 
(0.85; Levis et al., 2019). Further, the PHQ-9 is recommended for 
depression screening also by national clinical expert associations such as 
the US Preventive Services Task Force (Siu et al., 2016) and the German 
National Clinical Practice Guideline for Unipolar Depression (DGPPN 
et al., 2015). 

2.8.2. Guideline-based depression care and depression-related help-seeking 
behaviour 

In absence of a standardised measure for evaluating depression- 
related health behaviour and depression care according to the German 
national guideline, these will be assessed via a self-developed ques-
tionnaire. The questionnaire comprises guideline-based depression care 
(e.g. depression diagnosis by a health professional, psychotherapy, 
medication), formal help-seeking (e.g. contacting any health profes-
sional), and informal help-seeking (e.g. seeking information, doing ex-
ercise), as well as the perceived helpfulness, respectively. Items are 

developed based on recommendations of the German National Clinical 
Practice Guideline for Unipolar Depression (DGPPN et al., 2015) and 
extended by questions in an open format. For formal help-seeking and 
depression care, the time point (in months after the intervention) and 
specific characteristics (e.g. type of professional contacted) will be 
assessed. In a similar version, these questions have been successfully 
tested in the preceding DEPSCREEN-INFO trial (Löwe et al., 2016). 

2.8.3. Anxiety severity 
Anxiety severity during the past two weeks will be assessed with the 

7-item Generalized Anxiety Disorder Scale (GAD-7; Spitzer et al., 2006), 
which is widely used for this purpose and well validated in its German 
version (Löwe et al., 2008). 

2.8.4. Somatic symptom severity 
The Somatic Symptom Scale-8 (SSS-8; Gierk et al., 2014) will be used 

to assess somatic symptom severity. The questionnaire consists of 8 
items that reflect common somatic symptoms in primary care and refer 
to the past two weeks. It has good psychometric properties and is sen-
sitive to change (Gierk et al., 2017). 

2.8.5. Health-related quality of life 
The widely used 5-level version of the EuroQol-5D (EQ-5D-5L; 

Herdman et al., 2011) will be used to assess health-related quality of life. 
The generic questionnaire comprises 5 items relating to the following 
dimensions: mobility, self-care, usual activities, pain/discomfort, and 
anxiety/depression. Furthermore, a visual analogue scale records over-
all perceived health status. The instrument is widely used and responsive 
to treatment (Sobocki et al., 2007). Preference-based utilities derived 
from the EQ-5D-5L (Ludwig et al., 2018) will be used to calculate 
quality-adjusted life-years (QALYs) for the health economic evaluation. 
This approach is evaluated suitable for this purpose in the field of 
depression (Lamers et al., 2006; Sapin et al., 2004). 

2.8.6. Healthcare utilisation and productivity loss 
Healthcare utilisation and productivity loss will be assessed with an 

adapted version of the Client Sociodemographic and Service Receipt 
Inventory (CSSRI; Chisholm et al., 2000). It registers the use of health-
care services (e.g. hospital stays, health professional contacts), medi-
cation (e.g. type of drug, dosage level), and work loss days (e.g. hospital 
days, absenteeism) during the past 6 months. 

2.8.7. Depression diagnosis 
To validate the suspected diagnosis of depression indicated by the 

PHQ-9 depression screening, the depression related modules of the 
Structured Clinical Interview for DSM-5 Disorders (SCID-5-CV; Beesdo- 
Baum et al., 2019) will be conducted. The SCID enables a reliable, valid 
and efficient assessment of depressive disorders according to DSM-5 
criteria. Interviews will be conducted via telephone, which has 
demonstrated high inter-rater reliability when compared to face-to-face 
interviews (Crippa et al., 2008). To ensure validity and reliability, the 
assessors (BSc or MSc Psychology) will undergo a standardised training 
and will be supervised by an experienced psychotherapist (PhD). 

2.8.8. Intervention acceptance 
The Usefulness Scale for Patient Information Material (Holzel et al., 

2015) will be used to assess the acceptance of the feedback intervention. 
The original instrument consists of 9 items assessing cognitive, 
emotional and behavioural aspects of usefulness and has excellent psy-
chometric properties. For the present study, one item was added to 
assess whether the feedback information appeared trustworthy. To 
assess the acceptance of depression screening, directly after filling in the 
PHQ-9 the following dichotomous items will be added: ‘Answering these 
questions… (a) bothered/did not bother me, (b) was easy/complicated, 
(c) was too/was not too time-consuming’, (d) ‘Answering these ques-
tions on the internet is a problem/no problem’, (e) ‘Answering these 

Table 1 
Measures and assessment time points.  

Measures T0 T1 T2 T3 

Primary outcome     
Depression severity, PHQ-9 x  x xa 

Secondary outcomes/process measures     
Guideline-based depression care (e.g. depression 
diagnosis, psychotherapy, medication)    

x 

Depression-related help-seeking behaviour (e.g. seeking 
information about depression)    

x 

Anxiety severity, GAD-7 x   x 
Somatic symptom severity, SSS-8 x   x 
Health-related quality of life, EQ-5D-5L x   x 
Healthcare utilisation and productivity loss, CSSRI  x  x 
Intervention acceptance, USE   x x 
Illness beliefs, Brief IPQ x  x x 
Intervention adherence x   xb 

Critical life events    xb 

Depression diagnosis, SCID  xb  xb 

Adverse events    xb 

Website use x x x x 
Characteristics     

Sociodemographic data x    
Medical data x    
Risk factors for depression onset x    

Note. T0 = before randomisation; T1 = 2 days after randomisation; T2 = 1- 
month follow-up, T3 = 6-months follow-up; PHQ-9 = Patient Health 
Questionnaire-9; CSSRI = Client Sociodemographic and Service Receipt In-
ventory; EQ-5D-5L = EuroQol-5D 5-L; GAD-7 = Generalized Anxiety Disorder-7; 
SSS-8 = Somatic Symptom Scale-8; SCID = Structured Clinical Interview for 
DSM-5 Disorders; USE = Usefulness Scale for Patient Information Material; Brief 
IPQ = Brief Illness Perception Questionnaire. 

a Primary outcome. 
b Measures assessed via telephone interview. 
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questions at a general practitioner would be a problem/no problem’, 
and (f) ‘In a similar life situation, would you answer these questions 
again on the internet?’. Moreover, in the telephone interviews (T3) 
participants will be asked two open questions regarding the perceived 
helpfulness of the feedback (‘Did you find the feedback helpful (why/ 
why not)?’) and the perceived helpfulness of internet-based depression 
screening (‘Do you think an internet-based questionnaire such as the one 
used in the DISCOVER study is helpful to improve early detection of 
psychological distress (why/why not?)?’). 

2.8.9. Illness beliefs 
Illness beliefs regarding depressive symptoms will be measured with 

a modified version of the well validated Brief Illness Perception ques-
tionnaire (Brief IPQ, Broadbent et al., 2006). The Brief IPQ is based on 
the Common-Sense Model of Self-Regulation (Leventhal et al., 2016) 
and covers causal, cognitive and emotional representations of an illness 
(identity, coherence, causes, consequences, timeline, personal and 
treatment control, and worry). As the target population of non- 
diagnosed individuals might not associate their symptoms with an 
‘illness’, this term will be replaced with ‘symptoms’ throughout the 
questionnaire. The item assessing illness identity will be replaced by the 
dichotomous questions ‘Can you imagine suffering from depression?’ 
(T1 and T3) and ‘Can you imagine having suffered from depression 
within the last six months?’ (T3 only) as well as the open question ‘In 
your own words – how would you describe your mental health in the last 
six months? Do you think you suffered from depression?’ (T3 telephone 
interview). Further, the open question for the causal representations will 
be complemented by a listing of potential causes of depressive symptoms 
adopted from the Beliefs about Depression Questionnaire (Lynch et al., 
2011). 

2.8.10. Adverse events 
To estimate possible unintended adverse events of the feedback 

intervention, at T3 participants will be asked about the occurrence of 
any negative event that is attributed to the trial with an open question. 

2.8.11. Critical life events 
Three open questions assessing relevant positive and negative critical 

life events will be asked at T3: ‘Within the last six months, … (a) Did you 
experience life events that positively influenced your mood?, (b) Did you 
experience life events that negatively influenced your mood?, (c) and 
What has been particularly helpful to you in times when you have been 
feeling bad?’. 

2.8.12. Intervention adherence 
Intervention adherence will be assessed by the item ‘Please indicate 

to what extent you have read the feedback with the corresponding in-
formation.’ and the following response options: ‘100%’, ‘90%’, ‘75%’, 
‘50%’, ‘25%’, ‘10%’, and ‘0%’. To complement this self-report data, the 
system will also track technical data on feedback use (e.g. time spent on 
the screen, documents downloaded). 

2.8.13. Website use 
In order to obtain additional measures for acceptability and usability 

of the applications as well as to monitor and potentially improve pro-
cesses during the trial (e.g. recruitment success, problems with usabil-
ity), technical data on website (including questionnaire) use will be 
recorded by the system (e.g. hits per page, usage time). 

2.8.14. Characteristics 
Participant characteristics recorded at T0 will include sociodemo-

graphic data (e.g. age, gender, education, family status, rural/urban 
area living, local residency, health insurance provider), risk factors for 
depression onset (e.g. chronic somatic comorbidities, pregnancy, 
alcohol and nicotine consumption), and medical data (diagnosis of and 
treatments for depression). 

2.9. Data storage and management 

To ensure participants' data safety, study data and personal data will 
be stored in separate data bases. Security of data transmission from data 
capture software to data bases is guaranteed by a TLS-encrypted 
connection. For the duration of the study, a University-hosted pseu-
domisation service (Mainzelliste; Lablans et al., 2015) will enable the 
temporary connection of personal with study data, which is necessary 
for the follow-up assessments. Compliance of these procedures with the 
security requirements enforced by the European General Data Protec-
tion Regulation as well as German law is ensured. Constant monitoring 
and backups of data as well as password-restricted access will be ensured 
by an external IT company (Timo Stolz, Berlin). 

In accordance with the German Research Foundation guidelines for 
the handling of research data, the de-identified data will be saved for at 
least 10 years (i.e. analysable data set, protocol, statistical analysis plan 
and statistical programming code). Data sharing will follow the FAIR 
Data Principles (Findable, Accessible, Interoperable and Reusable) to 
maximise transparency and scientific reproducibility. The data man-
agement plan will (a) ensure long-term accessibility, (b) deliver a 
comprehensive, reliable view of data and (c) provide a future-proof 
solution for international healthcare interoperability. 

2.10. Data analysis 

Data analysis will be conducted by an independent statistician from 
the Department of Medical Biometry and Epidemiology who will be 
blind to the research hypotheses. All pre-specified analyses will be 
conducted according to the intention-to-treat (ITT) principle, i.e. 
including all participants randomised. In addition to the following 
description, planned analyses will be specified in accordance with the 
current statistical recommendations of the European Medicine Agency 
in a statistical analysis plan that will be signed by the principal inves-
tigator and the responsible statistician before breaking the blinding. 

A multilevel model incorporating the participants as random terms 
will be applied to the repeated measures in the same participant, 
including the factor group and the baseline value for adjustment. The 
primary analysis will be performed within the framework of this model 
as an ANCOVA of the PHQ-9 change scores (T0 to T3-difference), with 
subsequent pairwise comparisons of interventions by test of the corre-
sponding contrasts. Each test will be performed at a two-sided level of 
alpha = 0.05. This closed testing principle will ensure a family-wise 
error level of 5%. The multilevel modelling approach limits the bias 
when handling missing data even in the case of not missing at random 
(NMAR). However, alternative missing data mechanisms will be applied 
as a sensitivity check to examine the stability of the results. No subgroup 
analyses are pre-specified. 

For the health-economic evaluation, the cost-effectiveness of the 
feedback interventions compared to no feedback will be determined. For 
this, incremental cost-effectiveness ratios (ICER) will be calculated as 
the difference in mean costs divided by the difference in mean QALYs 
between each of the two intervention groups and the control group. Net 
benefit regressions will be conducted to determine the uncertainty of the 
point estimates and to adjust for potential baseline differences and 
confounders (Briggs et al., 2002). To show the intervention's probability 
of being cost-effective at different willingness-to-pay margins in com-
parison to each of the two comparators, cost-effectiveness acceptability 
curves will be derived. 

3. Discussion 

The high prevalence of undetected major depression underscores the 
relevance of new approaches that ideally target both its early detection 
and resolution. With the DISCOVER RCT, we address this by testing the 
efficacy of automated feedback after internet-based depression 
screening. 
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The primary outcome of the trial will be depression severity six 
months after screening. Based on the results of our preceding trial (Löwe 
et al., 2016), we expect the feedback intervention to have a small effect 
on depression severity. Further, we expect the tailored feedback version 
to amplify the effect of the standard version to a small extent. Although 
being small in magnitude, this effect size is clinically relevant as it in-
tents to address a so far un-diagnosed population that, until now, falls 
outside the scope of any form of depression care. Therefore, we believe 
that the small effect at the individual level leads to a substantial effect at 
the larger population level. 

Whereas our preceding RCTs DEPSCREEN-INFO and GET.FEED-
BACK.GP investigate(d) feedback after depression screening in patients 
with coronary heart disease (Löwe et al., 2016) and in primary care 
(Kohlmann et al., 2020), the internet-based format of DISCOVER allows 
for a wider reach and may also attract people who are reluctant to seek 
traditional health services, but use the internet for mental health in-
formation (c.f. Berger et al., 2005). Addressing this large population of 
affected individuals outside of the medical system, the results of 
DISCOVER will expand on those of our preceding trials. 

Furthermore, the DISCOVER RCT will allow for a deeper under-
standing of the early detection and resolution processes. So far, it is 
unclear how exactly informing patients about their screening result 
translates into improved depression severity (Löwe et al., 2016). Also, 
there appears to be a lack of knowledge on how to get undetected in-
dividuals into treatment. The comprehensive examination of process 
variables such as illness beliefs and depression-related help-seeking 
behaviour could be a contribution in this regard. Depending on the ul-
timately reached recruitment rate and the resulting power, also process 
focussed analyses could be conducted. Results regarding the underlying 
processes of feedback after depression screening could improve the 
refinement and development of further feedback as well as other in-
terventions targeting patient engagement in early depression detection. 

With regard to practical implication, the brevity of the feedback 
intervention makes it suitable, when further validated, for widespread 
implementation in different contexts: potential modes of dissemination 
could target for example mental health-related websites (e.g. of health 
insurances, doctors' practices), but also social media (e.g. forums on 
mental health topics) or websites of community institutions with a high 
reach (e.g. universities). Taking into account these aspects, the internet- 
based feedback intervention could be a worthwhile contribution to 
improving early detection and resolution of depression. 

3.1. Strengths and limitations 

Testing the feedback intervention in an internet-based trial involves 
possible limitations, which we try to overcome using the following ap-
proaches. First, the trial relies on self-selection of participants, and 
internet-savvy individuals and/or those interested in mental health 
might be overrepresented. To minimise this potential bias, we will 
monitor sample characteristics during recruitment and will adapt stra-
tegies appropriately (e.g. by targeted advertisement and by involving a 
population wide survey panel). Second, drop-out in internet-based in-
terventions can be moderately to high (Melville et al., 2010), which can 
lead to reduced power of analyses. We will approach this problem in 
different ways. To promote retention, the importance of follow-ups will 
be highlighted in all study instructions and participants will receive 
automated email reminders. Furthermore, to handle inevitable drop- 
out, we anticipated a drop-out rate of 35% in the sample size calcula-
tion and will further analyse data on an ITT basis using adequate 
mechanisms for handling missing data. Third, part of the intervention 
effect might be due to the feedback intervention increasing individuals' 
awareness of their symptoms. It cannot be ruled out that the question-
naires and interviews at baseline might trigger a similar process. Due to 
randomisation this effect should occur in all three study arms. However, 
as it could be confounded with the intervention effect, this might lead to 
the resulting efficacy being underestimated as compared to real-life 

conditions. Lastly, some researchers argue that depression screening 
by self-report questionnaires might pose the risk of over-diagnosis of 
depression, which again might lead to over-treatment (Thombs et al., 
2014). To account for this, we investigate possible over-treatment due to 
our intervention by verifying suspected depression diagnosis with a gold 
standard clinical interview (SCID) and by recording participants' 
healthcare use six months after the intervention. 

Several strengths of the DISCOVER trial should be highlighted as 
well. First, the feedback intervention is a result of an elaborated multi-
stage development process, which combined strengths and perspectives 
of different domains: clinical, research, and IT/graphic design expertise, 
empirical evidence, and first-hand patients' needs and preferences 
(Seeralan et al., 2020). Second, the selection of a broad range of further 
outcomes (depression care and help-seeking behaviour, additional 
clinical outcomes, intervention acceptance, illness beliefs, adverse 
events, and the health-economic evaluation) allows for a comprehensive 
trial evaluation. Third, DISCOVER extensively exploits the potential of 
technology-based trial design - for example, by (a) automated random-
isation and allocation to ensure standardisation of trial conduction, (b) 
interactively tailoring the feedback intervention to participant charac-
teristics to increase its suitability, (c) automated management of as-
sessments and reminders to improve retention, (d) impeding double or 
‘fake’ entries by several security checks, and (e) well-designed online 
questionnaire administration (e.g. adaptive questioning) to minimise 
participant burden. Lastly, the assessment of technical data on partici-
pants' website and questionnaire use allows for a thorough investigation 
of user behaviour, which could contribute to the evidence on optimal 
clinical trial design of internet-based interventions in the future. 

3.2. Conclusion 

Taken together, the DISCOVER RCT is well designed to yield 
comprehensive information on how automated feedback after internet- 
based screening could improve early detection and resolution of depres-
sion. If the results show that automated feedback after internet-based 
depression screening can reduce depression severity, the intervention 
could be easily and widely disseminated. The trial could further 
contribute to an understanding of the help-seeking behaviour processes 
initiated after internet-based depression screening with automated feed-
back, which could inform further research and practical implementation. 
Therefore, the results of the DISCOVER RCT will show whether, and if so, 
how automated feedback after internet-based screening can improve the 
early detection and resolution of undetected depression. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.invent.2021.100435. 

CRediT authorship contribution statement 

FS wrote the first draft of this manuscript under supervision of SK. All 
authors revised the draft critically for important intellectual content and 
contributed substantially to the conception of the study. The applicants 
of the DISCOVER trial are SK (principal investigator), BL, KW & H-HK. 
KW and AZ are the trial statisticians and contributed to the analysis 
aspect of the protocol. All authors gave approval of the version 
published. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgements 

The authors would like to thank Marieke Volkmann and Nele Schade 
for extensively pilot-testing the website and the data entry systems, as 

F. Sikorski et al.                                                                                                                                                                                                                                 

https://doi.org/10.1016/j.invent.2021.100435
https://doi.org/10.1016/j.invent.2021.100435


Internet Interventions 25 (2021) 100435

9

well Marieke Volkmann for providing help with creating the figures for 
the manuscript. 

Funding 

This work was funded by the German Research Foundation (grant 
number: 424162019). 

Compliance with ethical standards 

The trial was approved by the Ethics Committee of the Medical 
Chamber Hamburg in July 2019 (reference number: PV7039). 

References 

Andersson, G., 2016. Internet-delivered psychological treatments. Annu. Rev. Clin. 
Psychol. 12, 157–179. https://doi.org/10.1146/annurev-clinpsy-021815-093006. 

Andersson, G., Titov, N., 2014. Advantages and limitations of internet-based 
interventions for common mental disorders. World Psychiatry 13 (1), 4–11. https:// 
doi.org/10.1002/wps.20083. 

Bakker, D., Kazantzis, N., Rickwood, D., Rickard, N., 2016. Mental health smartphone 
apps: review and evidence-based recommendations for future developments. JMIR 
Ment. Health 3 (1). https://doi.org/10.2196/mental.4984. 

Beesdo-Baum, K., Zaudig, M., Wittchen, H.U., Williams, Janet B.W., Karg, Rhonda S., 
Spitzer, Robert L., 2019. In: Von Michael, B. First (Ed.), SCID-5-CV Strukturiertes 
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