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Abstract

Background: Mood disorders affect hundreds of millions of people worldwide, imposing a substantial medical and economic
burden. Existing diagnostic methods for mood disorders often result in a delay until accurate diagnosis, exacerbating the challenges
of these disorders. Advances in digital tools for psychiatry and understanding the biological basis of mood disorders offer the
potential for novel diagnostic methods that facilitate early and accurate diagnosis of patients.

Objective: The Delta Trial was launched to develop an algorithm-based diagnostic aid combining symptom data and proteomic
biomarkers to reduce the misdiagnosis of bipolar disorder (BD) as a major depressive disorder (MDD) and achieve more accurate
and earlier MDD diagnosis.

Methods: Participants for this ethically approved trial were recruited through the internet, mainly through Facebook advertising.
Participants were then screened for eligibility, consented to participate, and completed an adaptive digital questionnaire that was
designed and created for the trial on a purpose-built digital platform. A subset of these participants was selected to provide dried
blood spot (DBS) samples and undertake a World Health Organization World Mental Health Composite International Diagnostic
Interview (CIDI). Inclusion and exclusion criteria were chosen to maximize the safety of a trial population that was both relevant
to the trial objectives and generalizable. To provide statistical power and validation sets for the primary and secondary objectives,
840 participants were required to complete the digital questionnaire, submit DBS samples, and undertake a CIDI.

Results: The Delta Trial is now complete. More than 3200 participants completed the digital questionnaire, 924 of whom also
submitted DBS samples and a CIDI, whereas a total of 1780 participants completed a 6-month follow-up questionnaire and 1542
completed a 12-month follow-up questionnaire. The analysis of the trial data is now underway.

Conclusions: If a diagnostic aid is able to improve the diagnosis of BD and MDD, it may enable earlier treatment for patients
with mood disorders.
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Introduction

Background
Mood disorders affect approximately 400 million people
worldwide, with bipolar disorder (BD) and major depressive
disorder (MDD) representing the 17th and the 2nd leading
causes of years lost to disability, respectively [1]. Affected
individuals experience debilitating and often recurrent symptoms
[2,3] as well as an association with high levels of both
psychiatric and somatic comorbidities [4,5], culminating in
decreased quality of life [6,7] and increased mortality [8]. In
addition, caregivers of patients with mood disorders experience
a substantial burden associated with this role, expanding the
direct impact of these conditions [9,10]. Economically, recent
estimates of the annual European-wide costs associated with
BD are €21.5 billion (US $24.1 billion), whereas those
associated with MDD are €91.9 billion (US $102.9 billion) [11].

Existing diagnostic methodology, based on subjective reports
and observations gathered during clinical interviews that are
referenced against symptom checklists [12], leads to frequent
misdiagnosis and underdiagnosis of mood disorders [13,14].
Patients with BD often initially present with depressive episodes
that can be indistinguishable from depressive episodes in the
context of MDD [15,16], leading to approximately half or more
of patients with BD initially being misdiagnosed with MDD
[17,18]. The approximate 8- to 10-year delay before a BD
diagnosis includes the delay from initial symptom manifestation
until psychiatric evaluation as well as the delay from initial
assessment until correct diagnosis [19,20]. MDD diagnosis faces
issues of both over- and underdiagnosis. These issues overlap
with one another and include patient reluctance to seek help for
emotional distress [21], short consultation times, and limited
focus on mental health in primary care [22]; a shortage of mental
health practitioners [23,24]; and the difficulty of identifying
patients who fulfill the clinical threshold for MDD [25].

Although pharmacological and psychological treatments can
be effective when correctly prescribed [26-28], inaccurate or
delayed diagnosis limits the effective use of these treatments.
For BD, a delay before correct diagnosis and treatment is
associated with poorer outcomes [29], whereas a diagnostic
delay for MDD compounds the time associated with the
identification of an effective therapy, which can lead to months
of trial and error treatment testing [27,30]. By shortening the
period before the administration of appropriate treatment, early
and accurate diagnosis of mood disorders represents the first
step on the path to lessen the burden experienced by patients
with BD and MDD.

Psychiatry is increasingly turning to a variety of digital tools,
which are already in use in many forms [31], to improve
symptom-based diagnosis [32]. One reason for this approach
is the unprecedented data gathering opportunities that digital
platforms represent for researchers [33]. However, despite the
optimistic projections of technology’s potential to increase the
accessibility and efficacy of psychiatric interventions, these
goals are not yet fully realized [34,35]. With digital solutions
in psychiatry still in an early phase of research and development,
they may be most immediately clinically applicable in areas

with fewer barriers to validation and adoption. One such area
is psychiatric questionnaires, for which digitization has already
begun. In particular, the increased convenience of digital
questionnaires [36] may overcome clinicians’ stated obstacles
of time and difficulty of implementation [37]. As the majority
of these questionnaires have shown interformat reliability,
meaning the digital and paper versions are comparable [38], the
next steps for digital questionnaire development may be the
personalization of questions to individual patients through
dynamic question selection. With the digitization of previously
existing psychiatric questionnaires ongoing, digital psychiatric
questionnaires represent a promising field for further innovation.

In conjunction with the progression to digital tools to evaluate
patient history and symptoms, a paradigm shift to
biomarker-based diagnosis in psychiatry is underway [39]. This
shift is facilitated by both the growing understanding of the
biological basis of mood disorders [40,41] as well as advances
in technology that allow large amounts of biological information
to be collected and analyzed. Biomarkers are defined by the
National Institute of Health’s Biomarker Working Group as “a
characteristic that is objectively measured and evaluated as an
indicator of normal biological processes, pathogenic processes,
or pharmacologic responses to a therapeutic intervention,” with
diagnostic biomarkers representing one of a number of
categories of biomarkers, alongside prognostic and predictive
biomarkers [42]. It is important to note, however, that the
clinical utility of diagnostic biomarkers is not dependent on a
full understanding of the complex and interrelated factors
culminating in psychiatric illness. Despite the growing research
into biomarkers, to date, no diagnostic biomarkers for
psychiatric disorders have been implemented in routine clinical
use. In pursuit of this goal, efforts for biomarker discovery and
validation are widespread, supported by initiatives such as the
National Institute of Mental Health’s Research Domain Criteria
project [43].

Proteomics is a promising area for biomarker development
because of its ability to detect disease-related alterations in
readily accessible bodily fluids such as blood. This potential
has been supported by research on candidate biomarkers and
preliminary results both in mood disorders and other psychiatric
conditions [44]. However, because of the complexity and
heterogeneity of psychiatric disorders [45-47], there is a high
threshold for progress in identifying and validating diagnostic
psychiatric biomarkers. It is, therefore, likely that a panel of
multiple biomarkers, rather than a single one, will be necessary
for the validation of a psychiatric diagnostic aid [44]. Although
much research on biomarkers has been previously conducted
using serum or plasma, dried blood spots (DBS) represent a
novel and clinically promising methodology for validating
psychiatric biomarkers, given the multiple advantages of DBS
that decrease barriers to implementation. These advantages
include lower cost, minimal invasiveness, decreased blood
volume required, simplified shipping and storage, and the ability
of patients to provide a sample in a nonclinical setting [48].
When analyzing DBS samples, the strengths of mass
spectrometry (MS), such as the ability to quantify large numbers
of analytes in parallel, high sensitivity and specificity, and
reproducibility [48,49], make it an ideal technique for validating
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a psychiatric diagnostic panel. By leveraging existing proteomics
research in psychiatry with the complementary strengths of
DBS and MS analysis, the goal of validating a biomarker-based
diagnostic aid for mood disorders could be achieved.

To validate new approaches and tools to advance the process
of psychiatric diagnosis, large-scale diagnostic trials are required
[49-51]. However, the difficulty of reaching trial recruitment
goals makes recruitment an obstacle to consider in its own right.
Although the proportion of research trials reaching their
recruitment goals seems to be improving, slightly under half of
the publicly funded clinical trials still fail to reach these
benchmarks [52-54]. This issue has been specifically
documented in mood disorder trials, with multiple trials in recent
years having failed because of under-recruitment [55,56]. The
substantial time and cost devoted to failed trials [57] and the
high proportion of trials that experience recruitment extensions
[52] divert resources from clinical objectives. Beyond reaching
a target number of trial participants, a representative participant
population is required to ensure the generalizability and
reproducibility of findings [58]. This is of particular concern in
psychiatry, as the generalizability of research trials and clinical
usefulness of findings has been questioned and remains under
scrutiny [59-62]. In the case of web-based recruitment in
psychiatry, it is also unclear how closely a trial population
reflects the population of interest, as some groups may face
digital exclusion [63]. Executing web-based trial recruitment
in a timely and cost-effective manner could provide a roadmap
for recruitment for other psychiatric trials.

Diagnostic tools must both accurately identify conditions and
encourage appropriate follow-up action to improve treatment
and outcomes for patients. Given the difficulty of effective
communication between clinicians, academic researchers, and
patients in psychiatry [64,65], the inclusion of service users in
trial conception, planning, and design is increasingly considered
essential to achieve this aim [66]. Specific to diagnostic trials,
considering the trial in the broader context of the health care
delivery pathway contributes to the clinical effectiveness of the
diagnostic tool that is eventually developed [51]. By
investigating the relationships between diagnostic information,
caregiver decision making, and patient perceptions, the gaps in
the mood disorder care pathway may be better understood and
narrowed.

This study describes the objectives, methods, and recruitment
results for the Delta Trial, which was launched in April 2018
and closed in February 2020 by the University of Cambridge’s
Cambridge Centre for Neuropsychiatric Research (CCNR). The
aim of the trial is to develop algorithms based on a digital
questionnaire and proteomic biomarker data to be used as a
diagnostic aid for mood disorders in patients presenting with
depressive symptoms. Participants were recruited through the
internet and completed the trial remotely in a manner that may
provide a useful roadmap for future psychiatric trials. The
analysis of these data is now underway. The creation of a
diagnostic aid for mood disorders that combines questionnaire
and biomarker data could contribute to reducing the significant
individual and societal burden of mood disorders by facilitating
early diagnosis, leading to effective treatment.

Objectives

Primary Objective: To Reduce the Misdiagnosis of
Bipolar Disorder
The primary objective of the Delta Trial is to develop a
diagnostic algorithm based on a digital questionnaire and
proteomic data to identify individuals with BD who have been
misdiagnosed with MDD. The target population for the primary
objective was participants who had received a recent MDD
diagnosis from a general practitioner or psychiatrist and were
experiencing some depressive symptoms at the time of
recruitment (baseline MDD). Recent was defined as a diagnosis
within the last 5 years, during which time it would be more
likely that a patient with BD remains misdiagnosed with MDD
[67,68]. Depressive symptoms were measured using the Patient
Health Questionnaire (PHQ-9) [69], with a score of 5 or greater
required for inclusion in the trial.

Secondary Objective: To Achieve a More Accurate and
Earlier Diagnosis of Major Depressive Disorder
The secondary objective of the Delta Trial is to develop a
diagnostic algorithm, also based on a digital questionnaire and
proteomic data, to identify symptomatic help seekers with MDD.
The target population for the secondary objective was
participants who had not had a previous mood disorder diagnosis
(baseline low mood) and scored 5 or greater on the PHQ-9 at
the time of recruitment. Diagnoses predicted by the algorithms
developed for the primary and secondary objectives will be
compared with the diagnoses obtained through the World Health
Organization World Mental Health Composite International
Diagnostic Interview (CIDI), which is assumed to represent the
participant’s true diagnosis [70].

Follow-Up Objectives
Follow-up objectives for investigating participants’ response
following the receipt of a results report were also established
to understand the response to, and effectiveness of, a diagnostic
aid such as that under investigation in the Delta Trial within
existing mental health care pathways. These follow-up
objectives, informed by data from digital 6- and 12-month
follow-up questionnaires, are to understand whether trial
participation (1) impacts the quality of life for participants, as
measured by the Warwick-Edinburgh Mental Wellbeing Scale
[71]; (2) leads to new or changed mood disorder diagnoses; or
(3) results in a recommendation of new or changed mood
disorder–related medications and interventions.

Statistical Calculations
We assumed that we could detect at least 80% of both
participants with BD who had a baseline MDD diagnosis and
of baseline low mood participants who had undiagnosed MDD.
In addition, based on previous studies [72-75], we assumed that
20% or more of participants in the trial with a baseline MDD
diagnosis would have BD and that 30% or more of the baseline
low mood participants would have MDD. Power calculations
estimated that we would need to recruit at least 200 participants
for each of the primary and secondary objectives to have more
than 80% power to detect noninferiority to a prediction model
with an area under the receiver operating characteristic curve
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of 0.8 at the 5% significance level. To account for participant
attrition and other factors, we decided to recruit 300 participants
for each of the primary and secondary objectives to form the
training sets for algorithm development. To provide test sets to
validate the algorithms to be developed, a further 100
participants for each objective as well as 40 participants with a
baseline BD diagnosis (baseline BD) who scored 5 or greater
on the PHQ-9 at the time of recruitment were added to the data
collection targets. The recruitment for these groups was also
stratified to reflect the observed gender ratios of the relevant
conditions: two-thirds women for the baseline MDD and low
mood groups and evenly split between men and women for the
baseline BD group [76].

Methods

Recruitment
Participant recruitment for the Delta Trial was executed through
emails to suitable participants from previous trials who had
consented to be recontacted, paid Facebook advertisements,
organic and paid promoted posts on the CCNR Facebook page
[77], and updates to the CCNR laboratory website [78]. The
choice of exclusively using Facebook for paid advertising was

based on experience from a previous pilot study (unpublished),
demonstrating its superior effectiveness over other digital
advertising options. Both static imagery and animated videos
were created and used as advertising materials for the trial.

Eligibility Screening, Consent, and Enrollment
Inclusion criteria and consent requirements for participants are
listed in Table 1. These criteria were kept to a minimum within
the bounds of safety and resource constraints to ensure that
representative samples from the target populations were
recruited. Participants were able to complete an eligibility
screening, including the PHQ-9, and were provided with a
participant information leaflet as well as the opportunity to ask
questions about the trial before consenting to participate through
the Delta Trial website [79]. To maximize the safety of those
individuals who were interested in participating in the Delta
Trial but were not eligible because of current suicidal ideation,
we provided specific resources and contact information when
they felt unsafe. Eligible participants who provided consent
were sent a confirmation email to ensure that they had registered
with an email address to which they had regular access.
Acknowledgment of receipt of this email was considered the
final step of enrollment in the trial.

Table 1. Delta Trial inclusion criteria and consent process.

Inclusion criteria or actions requiredParticipants are eligible to perform

Adaptive digital questionnaire (selection through eligibility screening,
consent, and enrollment)

• Age 18-45 years
• UK resident
• Not pregnant or breastfeeding
• Not suicidal
• Patient Health Questionnaire 9 score ≥5
• Consent to having read participant information sheet
• Consent to voluntary participation
• Select link in the confirmation email

DBSa and CIDIb (selection through consent, digital questionnaire respons-
es, and internal analysis; only eligible once the digital questionnaire is
completed)

• Consent to provide DBS samples and complete CIDI
• No blood-borne illness
• No previous diagnosis of schizophrenia
• Recruiting target not yet reached for baseline mood disorder diagnosis

group (major depressive disorder, bipolar disorder, or low moodc)

aDBS: dried blood spot.
bCIDI: Composite International Diagnostic Interview.
cLow mood: no mood disorder diagnosis.

Delta Trial Digital Platform
Once participants were enrolled in the trial, they were able to
access the Delta Trial digital platform by logging on to the Delta
Trial website. The Delta Trial digital platform incorporated
input from a service user advisory group on features such as the
tone of written materials, frequency of communication, and
participant journey through the platform and was developed
under Medical Device Directive 93/42/EEC. An individualized
dashboard on this web platform guided each participant’s
progress through the trial. All digitized steps of the trial were
completed through this platform, which automatically recorded
and visualized every step through the trial for participants. The
Delta Trial digital platform was designed for ease of use to
encourage completion of the trial, and specific functionality of

the digital platform that facilitated this goal included automated
reminder emails for each step of the trial that were sent to
participants at different intervals, the ability to stop and later
restart the adaptive questionnaire after any question, and the
option to change from one device to another at any time.

Adaptive Digital Questionnaire
Once enrolled, the first step for all participants in the trial was
to complete an adaptive digital questionnaire on the Delta Trial
digital platform. A novel adaptive digital questionnaire was
created for the Delta Trial. This questionnaire was designed
following an analysis of existing questionnaires for mood
disorders, the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition [80], and the International
Classification of Diseases and Related Health Problems, Tenth
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Revision [81], as well as input from psychiatrists and a service
user group. A wide range of studies and questionnaires were
analyzed [70,82-90] to ensure the inclusion of well-validated
symptoms of BD and MDD, symptoms to discriminate
conditions between and within the BD and MDD spectra, and
further symptoms and lifestyle factors of potential interest for
analysis. The 6 sections of the questionnaire focused on the
following topics: (1) demographic information and personal
history; (2) manic and hypomanic symptoms; (3) depressive
symptoms; (4) personality profiling; (5) medication, treatment,
and substance use history; and (6) other psychiatric conditions.
Each section of the questionnaire was estimated to require an
average of 12 (SD 3) min to complete, although actual times
varied because of the adaptive nature of the questionnaire, which
directed participants to relevant questions based on their
previous answers. The questionnaire database contained a total
of 635 distinct questions, with the longest possible route through
a questionnaire consisting of 382 questions.

After completion of the digital questionnaire, participants were
either asked to provide DBS samples or were marked to receive
a results report. This decision was made through a two-step
process: first requiring consent from participants during
enrollment that they were willing to perform DBS sampling
and a telephone interview, followed by selection based on the
fulfillment of the second set of inclusion criteria, as listed in
Table 1. Participants who had not consented to do so or were
not eligible to provide DBS samples and perform a telephone
interview were delivered a nondiagnostic results report through
the digital platform that described the most likely conditions
according to their answers to the digital questionnaire.

Dried Blood Spot Collection for Proteomic Analysis
Participants selected to continue with the trial were asked to
input an address through the digital platform, to be sent a DBS
sample collection kit. The DBS sample collection kit used in
the Delta Trial was a Conformité Européene-marked device
under Article 22 of the Medical Device Regulation 2017/745
and contained relevant materials and instructions to allow
participants to complete and submit DBS samples.

A standardized MS-based targeted proteomic biomarker
screening method, based on previously published work [48,91],
was developed for the Delta Trial. For this method, 203
candidate peptides representing 120 proteins were selected for
inclusion, in many cases based on their previous association
with psychiatric disorders, including depression, BD, and
schizophrenia [91]. These proteins were first extracted and
digested from the DBS samples [48], and then, unique surrogate
peptides representing candidate proteins were monitored through
multiple reaction monitoring using an Agilent 1290 liquid
chromatography system coupled with an Agilent 6495 Triple
Quadrupole Mass Spectrometer.

Composite International Diagnostic Interview
For the Delta Trial, predictions from the algorithms developed
for the primary and secondary objectives will be compared with
the result of a CIDI, which is assumed to represent the
participant’s diagnosis [70]. These interviews were conducted
over the telephone and using the CIDI 3.0 software version,

developed by the World Health Organization. For these
interviews, the only sections of the CIDI software that were
operationalized were the screening section questions related to
demographics or mood disorders as well as the depression and
mania sections. All interviewers received in-person external
training from a CIDI-certified instructor as well as internal
training and monitoring. After completion of the CIDI,
participants received results reports similar to those received
by participants who only completed the digital questionnaire.
The reports for these participants were identical to those received
by participants who only completed the questionnaire, except
that these reports reflected the mood disorder condition
suggested by the CIDI. Only participants who completed all 3
steps—comprising a completed digital questionnaire, DBS
samples, and CIDI—fulfilled the recruitment targets from the
statistical calculations.

Feedback
Following receipt of a results report, all participants were asked
to complete a short feedback survey through the digital platform.
This survey was intended to guide future trial design and gain
insight into participant perceptions related to the trial.

Follow-Up
The final step in the trial is follow-up questionnaires to be
completed through the digital platform at 6 and 12 months from
the date that a participant received a results report. These
questionnaires were designed to provide answers via patient
self-reports to the follow-up objectives related to the impact of
Delta Trial participation. These objectives are to analyze and
understand whether trial participation (1) impacts the quality
of life for participants, (2) leads to new or changed mood
disorder diagnoses, or (3) results in a recommendation of new
or changed mood disorder–related medications and
interventions.

Ethics and Data Handling
All trial-related materials and methods were ethically approved
by the University of Cambridge Human Biology Research Ethics
Committee (approval number HBREC 2017.11) and conducted
in accordance with Good Clinical Practice and International
Organization for Standardization (ISO 14155:2011). All
participants in the Delta Trial had access to a downloadable
participant information sheet as well as other information related
to the trial and general psychoeducation via the Delta Trial
website and were emailed their digitally signed and dated
consent forms and the participant information sheet on
enrollment in the trial. All trial data are stored securely at the
University of Cambridge’s CCNR, and confidentiality is
maintained using unique participant ID numbers and digitally
separating trial data from participants’ personal information.
Personal information, which is only accessible by a selected
number of trial staff, is kept solely for the purposes of
recontacting participants who have opted in for future CCNR
studies or as dictated by the General Data Protection Regulation
and Human Tissue Authority and will not be shared with any
other organizations.
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Results

Timeline
The recruitment for the Delta Trial was launched on April 27,
2018, and closed on September 28, 2018. All participants who
returned DBS samples before October 16, 2018, were asked to
perform a CIDI, and the final CIDI was conducted on October
24, 2018. Outstanding results reports for participants who had
progressed to the end of the digital questionnaire were delivered
on October 26, 2018. Feedback on trial processes and
perceptions of the trial was submitted by 1289 participants
following receipt of a results report. A total of 1780 participants
also completed a 6-month follow-up questionnaire and 1542
completed a 12-month follow-up questionnaire, the last of which
was completed in November 2019. These participants did not
necessarily overlap with those who provided DBS samples and
completed a CIDI. The trial was officially closed on February
6, 2020.

Recruitment Results
To achieve training and validation datasets for the diagnostic
algorithms as dictated by the power calculations for the primary
and secondary objectives, 5422 participants were enrolled in
the trial. The observed progress of the participants is
documented in Figure 1 and Table 2. The results reports were
delivered to 3232 participants who completed the digital
questionnaire, and an average of 284 questions were answered
by each participant who completed the questionnaire. One step
of the trial for which the participant completion rate was notable
was in the return of DBS sample collection kits, as 79.14%
(1377/1740) of kits that were posted to participants were
completed and returned to CCNR. In addition, 962 participants
with a diagnosis of MDD that was established greater than 5
years before enrollment but otherwise fulfilled enrollment
criteria were enrolled and completed the digital questionnaire.
These participants did not progress to further stages of the trial.

Figure 1. Delta Trial flow chart. This figure illustrates the number of individuals who completed each step of the Delta Trial and the reasons for attrition
between each step. Abbreviations: DBS: dried blood spot; CIDI: World Health Organization World Mental Health Composite International Diagnostic
Interview.
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Table 2. Delta Trial participant progress, grouped by baseline mood disorder diagnosis group (N=5422).

Trial steps and overall completion rate from previous step, n (%)Mood disorder diagnosis group

Performed Composite
International Diagnostic
Interview 924 (67.10)

Returned DBS sample collec-
tion kit 1377 (79.14)

Sent DBSa sample col-
lection kit 1740 (53.84)

Completed digital question-
naire 3232 (59.61)

Major depressive disorder, n (%)

301 (68.4)467 (69.7)610 (71.3)676 (71.9)Female

139 (31.6)203 (30.3)246 (28.7)264 (28.1)Male

Bipolar disorder, n (%)

21 (39)23 (34)26 (34)144 (64.0)Female

33 (61)45 (66)50 (66)81 (36.0)Male

Low moodb, n (%)

277 (64.6)411 (64.8)534 (66.6)668 (68.58)Female

152 (35.4)223 (35.2)268 (33.4)306 (31.42)Male

Otherc,d, n (%)

1 (100)4 (80)5 (83)837 (76.58)Female

0 (0)1 (20)1 (17)256 (23.42)Male

aDBS: dried blood spot.
bLow mood: no mood disorder diagnosis.
cOther: not in one of the major depressive disorder, bipolar disorder, or low mood baseline mood disorder diagnosis groups.
dParticipants from this group were able to progress beyond the digital questionnaire because of operator error in the trial progression selection process.

A completed digital questionnaire, DBS samples, and a CIDI
were gathered from 924 participants. There were 440
participants in the baseline MDD group, 54 participants in the
baseline BD group, and 429 participants in the baseline low
mood group. The gender ratios of these groups also generally
reflected pretrial targets, as the percentage of female participants
in the groups was 68.4% for baseline MDD, 39% for baseline
BD, and 64.6% for baseline low mood. Any noteworthy
differences in group characteristics will be accounted for in
future statistical analyses.

Discussion

Principal Findings
The Delta Trial was designed and launched with the ultimate
aim of contributing to early and accurate diagnosis of mood
disorders to enable effective treatment for patients. Specifically,
the objectives of the trial are to develop and validate diagnostic
algorithms to reduce the misdiagnosis of BD as MDD and
achieve more accurate and earlier diagnosis of MDD in a
population of participants with depressive symptoms who
completed the trial remotely. To this end, processes and
techniques that can be implemented in a real-world setting were
established, such as the creation of a novel adaptive digital
questionnaire and the use of self-collected DBS samples for
proteomic analysis. More participants than were dictated by
data collection targets for the primary and secondary objectives
were recruited and enrolled in the trial over the course of 5
months. In addition, the trial population approximately matched
baseline mood disorder diagnosis groups and the level of gender
stratification that were targeted before launching the trial. These

successes are emblematic of the opportunities that are possible
through leveraging a combination of digital tools and a
consideration of the viewpoints of multiple stakeholders,
including a service user group and clinicians.

Strengths and Limitations
However, the design and execution of the Delta Trial also
introduced potential bias in the participant population, most
notably through (1) recruitment techniques, (2) the use of
self-reports of medical history, and (3) the selection of
participants to progress through the various stages of the trial.
With recruitment conducted on the web and mainly through
Facebook, the participants in the trial are likely to be more
regular internet—and specifically Facebook—users than the
target population. In addition, variables such as age, gender,
and interests used in displaying advertising materials may have
shaped the composition of participants according to the
recruitment targets described earlier. Self-reports of medical
history for participants and their families may have been
incorrect or incomplete and could have been improved by using
medical records. In addition, the progressive nature of the trial,
in which participants had to consent for the DBS and CIDI steps
of the trial and were then selected to perform those steps, shaped
the trial population to further conform to the recruitment targets
and population assumptions underlying those targets. Finally,
the time commitment required to complete the questionnaire,
submit DBS samples, and perform a CIDI required a level of
interest in the trial that may have been higher in people who
were very concerned about their mental health symptoms or
history, enriching the levels of undiagnosed conditions in the
trial population.
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Conclusions
The Delta Trial was launched in April 2018 with the aim of
creating a diagnostic aid to improve the diagnosis of mood
disorders. Demographic and symptom data have been gathered
from 3232 participants who completed an adaptive digital
questionnaire that was designed and created for the trial. Of
these participants, 924 also submitted DBS samples for

proteomic analysis and completed a CIDI. With follow-up
questionnaires completed in November 2019 and the trial closed
in February 2020, the analysis of the trial data has now begun.
We hope to share our results to contribute to reducing the
significant burden of mood disorders through early and accurate
diagnosis. We also hope to gain insight into follow-up actions
taken by participants after receiving a results report and the
process of digital recruitment for psychiatric trials.
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