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Candidate’s contribution to the publications

1.1 Paper I - Neurocognitive function as outcome and
predictor during prefrontal transcranial direct current
stimulation in major depressive disorder: An analysis from
the DepressionDC trial

The three selected publications correspond to ancillary studies of the DepressionDC clinical trial
(Padberg et al., 2017). A description of the clinical trial can be found in the introductory
summary. Although the clinical study began before the candidate initiated his doctoral studies,
the involvement of the doctoral candidate spanned multiple stages before the clinical study
came to an end.

The candidate performed at a clinical level after receiving a good clinical practice certification
(ICH E6 (R2)). In collaboration with other medical residents working in the inpatient wards and
the outpatient unit, the candidate screened for potential study patients. Clinical training was
provided to ensure that the candidate could carry out standardized clinical assessments such as
the Montgomery–Åsberg Depression Rating Scale (MADRS) and Hamilton Depression Scale
(HAMD). He interviewed the patients and performed standardized tests to determine if the
patients were eligible to participate in the study. He carried out informed consent for the clinical
study, magnetic resonance imaging (MRI) acquisition, and genetic sampling. He also performed
standard physical and mental state examinations. This included a neurocognitive assessment
using the EmoCogMeter, a digital tool described in Paper I. In collaboration with novel Biobank
of the psychiatry department, the candidate extracted blood samples that were planned to be
used in ancillary genetic analysis. He followed up on the patients, and performed clinical
interviews at set intervals to evaluate patient progress and screen for possible adverse effects.

At specific timepoints, the candidate switched to a technical role within the clinical trial. The
candidate underwent training by the electrophysiology department of the hospital, where he
learned how to apply non-invasive brain stimulation (NIBS) procedures such as transcranial
direct current stimulation (tDCS) and transcranial magnetic stimulation (TMS). This was later
reinforced by participating in a NIBS Workshop in Copenhagen. He prepared, set up, and
applied transcranial direct current stimulation on recruited patients using the standardized
clinical study protocols. He generated and retrieved electronic data from tablets in compliance
with local and institutional data protection regulations, and cleaned the data sets to produce
pertinent comma-separated values (CSV) files, that would be later used for the statistical
analysis. The candidate is a part of the NeuroImaging Core Unit Munich (NICUM). Guided by
Daniel Keeser, he learned to perform MRIs, producing anatomical and functional imaging data.
The data was stored in a picture archiving and communication system picture archiving and
communication system (PACS) in the Digital Imaging and Communications in Medicine
(DICOM) format and used for subsequent ancillary analyses.

Together with Gerrit Burkhardt and Frank Padberg, the candidate proposed a hypothesis to be
tested utilizing the aforementioned collected data. The idea of utilizing the cognitive data to
determine if baseline cognition was a mediator of response, was brought forward. For paper I,
the candidate worked together with Gerrit Burkhardt and Stephan Goerigk to perform the

https://www.zotero.org/google-docs/?SnNKZr
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transformation of the data (winsorization) and the statistical analysis. The original manuscript
was written by the candidate under the supervision of Gerrit Burkhardt. The candidate then
submitted the article and worked as the corresponding author, interacting with the editor and
reviewers to generate the accepted version of the manuscript.

1.2 Paper II - Adverse childhood experiences and clinical
effects of transcranial direct current stimulation in major
depressive disorder: Results from the DepressionDC trial

and

Paper III - Driving-related cognitive skills during
antidepressant transcranial direct current stimulation:
results in a subsample from the DepressionDC trial

The data utilized in these publications corresponds to the DepressionDC clinical trial. The
clinical and technical roles performed by the candidate have been detailed in the previous
section.

When the experimental part of the clinical trial came to an end, the candidate was involved in
regular meetings with staff and colleagues of the other clinical centers, as well as internal
meetings within the German Center for Brain Stimulation (GCBS) and the NeuroImaging Core
Unit Munich (NICUM), to discuss the analysis of secondary endpoints. Although to a lesser
extent than in paper I, the candidate was involved in the conceptualization of the ancillary
hypothesis presented in papers II and III. The main manuscripts were written mainly by Gerrit
Burkhardt with support of the other co-authors, including the doctoral candidate.
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2. Introductory summary

2.1 Background

2.1.1 Transcranial Direct Current Stimulation (tDCS). Definition, history,
and physiological effects

Transcranial Direct Current Stimulation (tDCS) is a method within the array of non-invasive
brain stimulation (NIBS) approaches, where a direct electrical current of 1-2mA is applied over
distinct cortex regions via surface electrodes. This procedure has been proven to be safe and
tolerable in humans (Bikson et al., 2016). Most users experience only mild tactile („tingling“)
sensations underneath the electrodes (Woods et al., 2016). The electrical current stimulates
superficial brain regions and generates electrical fields that modulate underlying targeted brain
regions. These changes are usually transient, necessitating repeated sessions or combined
interventions for sustained effects (Nitsche et al., 2008).

Historically, first brain stimulation attempts were introduced by electric fish that were used for
therapeutic purposes in the 1st Century, as documented by Scribonius Largus (Priori, 2003).
However, it wasn't until the 18th and 19th centuries that scientists began systematically
investigating the effects of electricity on the nervous system. Ewald Hitzig and Eduard Fritsch in
the 1870s used direct current to map motor areas of the brain in animals, highlighting the
potential for targeted stimulation (Hagner, 2012). Bindman et al investigated the effects of direct
currents on the rat brain, and described how it modulated spontaneous neuronal activity
depending on the polarity (Bindman et al., 1964). In the 20th century, Nitsche and Paulus’
research demonstrated the ability of tDCS to enhance or diminish cortical excitability, and
highlighted its potential for modulating cognitive and motor functions (Nitsche & Paulus, 2000).
Since then, tDCS has been employed in different fields, such as neurology and psychiatry.
Fregni and Pascual-Leone were among the first to investigate the therapeutic benefits of tDCS
for depressive disorders in patients resistant to conventional treatments (Fregni &
Pascual-Leone, 2007).

The way that tDCS provokes neuroplastic changes has yet to be fully understood. Studies
suggest that tDCS modulates brain excitability and alters the release of neurotransmitters.
(Monte-Silva et al., 2013) Polarity plays a crucial role on the effects of tDCS. Anodal stimulation
has been seen to trigger an excitatory response, whereas cathodal stimulation leads to an
inhibitory response (Nitsche & Paulus, 2000). Changes in glutamate and gamma-aminobutyric
acid (GABA) have been reported after tDCS sessions (Hone-Blanchet et al., 2016; Mezger et
al., 2021). These two molecules are regarded as the main excitatory and inhibitory
neurotransmitters (Sohal & Rubenstein, 2019). The reported effects of tDCS on brain
metabolites seem to be mixed and inconclusive, meriting further investigation. Epigenetic, gene
expression, biochemical cascades, and glial factors have also been reported as mediators of
the clinical effects of tDCS (Cirillo et al., 2017). Neuropsychological and neuroanatomical
elements, such as gray matter volumes, cortical thickness and surface, and electrical fields
have been seen to modify response to tDCS (Bulubas et al., 2019; Filmer et al., 2019; Suen et
al., 2021). This hints at the importance of personalized protocols that take individual anatomical
traits into account.

https://www.zotero.org/google-docs/?sJa3ac
https://www.zotero.org/google-docs/?l2OdCG
https://www.zotero.org/google-docs/?Cgz7z2
https://www.zotero.org/google-docs/?XwtZCs
https://www.zotero.org/google-docs/?k0xub3
https://www.zotero.org/google-docs/?F0EKA7
https://www.zotero.org/google-docs/?s1FaQY
https://www.zotero.org/google-docs/?akvLMn
https://www.zotero.org/google-docs/?akvLMn
https://www.zotero.org/google-docs/?yElVfQ
https://www.zotero.org/google-docs/?jMii0p
https://www.zotero.org/google-docs/?Zao7yP
https://www.zotero.org/google-docs/?Zao7yP
https://www.zotero.org/google-docs/?kYXluF
https://www.zotero.org/google-docs/?QqgmuU
https://www.zotero.org/google-docs/?kqkfRu
https://www.zotero.org/google-docs/?kqkfRu
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2.1.2 The role of tDCS in depressive disorders

Unlike other forms of NIBS such as TMS, tDCS hasn’t been FDA approved in the US
(Zandvakili et al., 2019), nor is it considered standardized treatment in depressive disorders in
many European countries (Härter et al., 2010). Its current use is mostly limited to translational
research and clinical studies. The push to use tDCS as a treatment to treat depressive disorders
dates back to the 1960s. (Lippold & Redfearn, 1964). Research in the field became somewhat
silent until the early 2000s (Nitsche & Paulus, 2000, 2001). Modern protocols took contemporary
concepts of physiology and functional neuroanatomy into consideration. Both structural and
functional changes of the cortex have been reported in patients with depressive disorders
(Boggio et al., 2008; Campbell et al., 2004; Fregni et al., 2006; Hamilton et al., 2008). Both a
hypoactivity of the left dorsolateral prefrontal cortex (DLPFC), and a hyperactivity of the right
DFPLC have been described. This goes in hand with the customary placement of the
electrodes. The ‘excitatory’ electrode (anode) is usually placed above the left DLPFC while the
‘inhibitory’ electrode (cathode) is placed above the right DLPFC (Brunoni et al., 2012). tDCS
also improves network connectivity and neuroplasticity (Chan et al., 2021; Hordacre et al.,
2018). These neurophysiological characteristics seem to be impaired in depressive disorders
(Price & Duman, 2020; Tartt et al., 2022)

The effectiveness of tDCS to ameliorate depressive symptoms has been hard to assess.
Reported response rates tend to contradict each other. One of the main issues encountered
when comparing the multiple studies is the extreme heterogeneity across protocols. Not only do
the populations tend to be different (severity of the symptoms, comorbidities, refractory
disorders, add-on treatments); but also the length of stimulation, intensity, and number of
sessions differ. A few meta-analyses have reported a statistically significant improvement of
depressive symptoms after receiving active stimulation over sham stimulation (Brunoni et al.,
2016; Kalu et al., 2012; Meron et al., 2015). Contrary to Berlim et al., who showed no superiority
of active tDCS over sham tDCS (Berlim et al., 2013). When comparing tDCS to antidepressants,
both monotherapies seem to have a similar efficacy; however, a combination of both has been
observed to have more favorable results (Brunoni et al., 2013).

2.1.3 The DepressionDC trial

The DepressionDC trial was a multicenter, randomized, triple-blind, placebo-controlled, parallel
group trial involving five German clinical sites (Burkhardt et al., 2023). The study focused on
individuals with major depressive disorder (MDD) who had not experienced improvement after
receiving at least one treatment with an antidepressant at a sufficient dosage and length during
the present episode. Baseline severity of symptoms was assessed utilizing the MADRS.
Secondary endpoints such as neurocognitive data, driving skills, genetic data and neuroimaging
were also recorded. The protocol consisted of 20 sessions of 30 min daily stimulation over a
period of 4 weeks. This was followed by another stimulation block of 4 sessions administered in
a 2 week period. The tDCS setup employed a bifrontal configuration, with the anode placed at
F3 and the cathode at F4. Participants were randomized to receive either active or sham
stimulation. Active stimulation consisted of a direct current of 2mA, while the sham stimulation
paradigm constituted a 30 second ramp-up, ramp-down sequence. The data of 150 participants
was analyzed. At week 6, there was no significant difference in average improvement scores on
the MADRS between the group receiving active tDCS and sham tDCS.

https://www.zotero.org/google-docs/?gkALrx
https://www.zotero.org/google-docs/?0Cl3jU
https://www.zotero.org/google-docs/?IUEw1S
https://www.zotero.org/google-docs/?IwOuM6
https://www.zotero.org/google-docs/?BBWnGd
https://www.zotero.org/google-docs/?Z92GjO
https://www.zotero.org/google-docs/?kG6dgD
https://www.zotero.org/google-docs/?kG6dgD
https://www.zotero.org/google-docs/?G1pbgM
https://www.zotero.org/google-docs/?BiAKUi
https://www.zotero.org/google-docs/?BiAKUi
https://www.zotero.org/google-docs/?dXt8rS
https://www.zotero.org/google-docs/?pv5it4
https://www.zotero.org/google-docs/?m16a1g
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2.2 Project’s hypotheses
This thesis consists of three ancillary publications of the DepressionDC clinical trial. The
effectiveness of tDCS in treating depressive symptoms was assessed in the main study. Our
first aim in these ancillary studies was to determine the effects of tDCS on various cognitive
domains. This was assessed in Paper I. Processing speed, sustained attention, memory span,
selective attention, executive function, and working memory were evaluated utilizing a digital
tool (EmoCogMeter). A statistically significant improvement in such domains would indicate that
the intervention could be of therapeutic use, regardless of the effects on the depressive
symptoms’ severity. Determining the safety and tolerability of a medical intervention is crucial to
estimating its potential clinical usage. As mentioned before, tDCS has been deemed as
physically safe and tolerable. However, long and short-term effects on a patient's mental status
are equally as important to assess. Pharmacotherapy remains one of the main pillars of the
treatment of depressive disorders. Some psychopharmacological agents impair a patient’s
driving skills, and patients are advised not to operate vehicles while taking them (Cameron &
Rapoport, 2016). Paper III evaluated the neurocognitive effects of repeated sessions of tDCS by
testing patients’ driving skills by measuring the three neurocognitive domains reaction time,
visual perception, and stress tolerance. In regards to driving kills, the intervention would be
deemed as safe if there weren’t any statistically significant reductions of the cognitive scores.

The second aim of the ancillary studies was the determination of baseline factors that predict
clinical response to tDCS. Depressive disorders manifest a variety of symptoms and
perturbations of different networks (Kaiser et al., 2015). Measuring secondary endpoints proves
useful to determine the global efficacy of the intervention. As described in the background
section, variations in neurophysiological and neuroanatomical traits have been observed to
influence the effects of tDCS. Looking for proxies of response helps to generate alternative
hypotheses as to how (if) such interventions have an effect that might not be measurable
directly. For example, cognitive dysfunction is commonly seen in depressive disorders (Lam et
al., 2014). Paper I was the evaluation of baseline cognitive scores as a predictive marker of
clinical tDCS response. Paper II explored if adverse childhood experiences (ACE) could also be
used as predictive factors of clinical tDCS response. Such experiences increase the risk of
developing a depressive disorder (Chapman et al., 2004), and significant neuroanatomical and
neurophysiological differences have been described when compared to patients with depressive
disorders that did not undergo ACEs (Antoniou et al., 2023). The relationship between ACEs
and TMS has been explored before (Ng et al., 2023), but not with tDCS. In the main clinical
study, a self-reported childhood trauma questionnaire (CTQ) was used to evaluate sexual
abuse, emotional neglect, physical neglect, emotional abuse and physical abuse. If there were a
statistically significant relationship between these two variables, baseline cognition and ACEs,
and an improvement in the severity of depressive symptoms, then such predictive markers
could help clinicians and patients decide if tDCS would be a meaningful intervention on a
case-by-case basis.

https://www.zotero.org/google-docs/?50wFEB
https://www.zotero.org/google-docs/?50wFEB
https://www.zotero.org/google-docs/?9egjSI
https://www.zotero.org/google-docs/?OW205u
https://www.zotero.org/google-docs/?OW205u
https://www.zotero.org/google-docs/?v8O041
https://www.zotero.org/google-docs/?Hqiugc
https://www.zotero.org/google-docs/?EW6uxa
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2.3 Project’s conclusions
In the DepressionDC trial, multiple rounds of traditional bifrontal tDCS to the left DLPFC were
found to be no more beneficial than sham stimulation in reducing the intensity of depressive
symptoms among patients with depressive disorders, based on changes observed in MADRS
scores. The ancillary studies presented in this thesis determined, firstly, that neurocognitive test
scores were not influenced by active tDCS vs sham stimulation. Secondly, neither baseline
cognitive scores nor adverse childhood experiences were predictors of therapeutic response.
Lastly, driving skills were not worsened by repeated tDCS sessions, rendering tDCS a safe
intervention regarding motor vehicle operation abilities.

2.4 Future implications
The effectiveness of tDCS in depressive disorders should not be immediately discarded.
Instead, the strengths and weaknesses of the clinical study should be explored. The following
propositions argue in favor of the need for future studies to evaluate personalized treatment
protocols. These propositions could also give an insight as to why no significant changes were
observed across the board. Comorbidities are common in psychiatric patients. (Angold et al.,
1999). tDCS has been found useful against cravings in patients with substance use and eating
disorders. (Goldman et al., 2011; Lapenta et al., 2018). Treating a patient holistically, taking
comorbidities into consideration, could prove to be more effective. The DepressionDC clinical
trial excluded patients with other relevant psychiatric axis I and/or axis II comorbid disorders, as
determined by the Mini-international neuropsychiatric interview (M.I.N.I.) and the Structured
Clinical Interview for DSM-IV Axis II Personality Disorders. The implication and influence of
comorbid diagnoses should be explored in future studies. The variability in individual responses
to tDCS, coupled with the need for standardized protocols, underscores the complexity of
translating laboratory findings into clinical practice. Reverse-calculation electric field (E-field)
modeling has demonstrated that different dosages at an individual level are needed to elicit a
target E-field intensity. (Caulfield et al., 2020) We therefore recommend future studies to not
only optimize tDCS parameters to modulate cognition better, but to also consider individualized
dosages to increase general efficacy and safety parameters. (Esmaeilpour et al., 2018).

Synergistic mechanisms of action might play a crucial role in the effectiveness of tDCS. Tapping
into other systems simultaneously might be needed to induce or potentiate meaningful changes.
(Talar et al., 2022). An example of an ongoing project testing such hypotheses is the DiSCoVeR
project. This is a multicenter clinical trial assessing the effects of cognitive training, utilizing a
video game, while tDCS is being remotely administered. (ClinicalTrials.gov Identifier:
NCT04953208).

Regarding the identification of refined proxies of therapeutic response. The EmoCogMeter was
employed in Paper I. It utilized standard psychometric tests to evaluate specific cognitive
domains. The neurocognitive tests utilized in the study might not be the optimal to detect
changes elicited by the stimulation. In a similar way, ACEs were assessed in Paper II with 28
self-reported questions. The dichotomous definitions proposed by such a questionnaire might

https://www.zotero.org/google-docs/?OGFH32
https://www.zotero.org/google-docs/?OGFH32
https://www.zotero.org/google-docs/?EJe1Wk
https://www.zotero.org/google-docs/?wPDO28
https://www.zotero.org/google-docs/?krB7fH
https://www.zotero.org/google-docs/?rTZ1ro


14

not reflect the complexity of trauma-related disorders. More fluid traits and definitions could lead
to the generation of more optimal baseline markers of response. A holistic spatio-mechanistic
framework of tDCS has been proposed. (Yavari et al., 2017). This framework tries to cluster the
effects of tDCS into nine groups according to the physiological changes induced and attributes
these clusters to local, small-scale, and large-scale networks. Distinguishing the small-scale
network effects from the global brain effects of both the neuro-electrical and neuro-chemical
modulatory action of tDCS, would lead to the formulation of a more accurate hypothesized proxy
of effect over specific brain networks. Although the results of Paper I, and Paper II refute such
rationale, the lack of comparative studies still leaves an open-ended question regarding the
predictive value of baseline characteristics on the clinical effects of tDCS. Different
spatio-mechanistic approaches might facilitate the development of more specific markers of
response.

This last segment is reserved for a small reflection regarding the publication of „null-findings“.
The DepressionDC clinical trial, as well as the ancillary studies presented in this thesis, fall into
this category. The importance of publishing negative findings has resurfaced again in the light of
the ongoing replication crisis. (Tackett et al., 2019). Although authors seem to be aware that
finding negative results isn’t necessarily an undesirable thing, a vast majority refrain from
pursuing to publish them. (Echevarría et al., 2021). The reluctance to publish negative results is
multifactorial and can be seen at various stages of research.

At an editorial level, biases towards accepting and publishing positive results have also been
found. (Matías-Guiu & García-Ramos, 2011). A bias towards citing studies with positive results
has also been reported. (Duyx et al., 2017). When faced with such biases, scientists are
sometimes rewarded by pouring resources and investigating things that might be “safe”, instead
of taking more risks at the cost of not finding any significance. (Ortiz, 2020). These factors
reduce the visibility of negative studies and create an overrepresentation of positive data. This
can lead to the warping of the narrative of future publications, and the generation of tailor-made
hypotheses that disregard evidence that might contradict them. The publication of null finding
studies has other benefits that might not be too obvious at first, such as preventing waste and
allowing a more transparent allocation of resources. Methods and criteria to disclose negative
findings have been elaborated. (Bespalov et al., 2019) Studies that report null-findings, that
have been executed thoroughly, are as important as publications with statistically significant
results. Hopefully this thesis encourages current and future scientists to not fret negative results;
rather to embrace them, publish them, and advocate for their importance.
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