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“If you can’t fly then run, if you can’t run then walk, if you can’t walk then crawl, but whatever 

you do, you have to keep moving forward.” 

Martin Luther King, Jr 

 

 

 

I chose a second quote for the dedication of this thesis as I feel this conveys the sentiment in the 

absence of the right words. I hope the benefit of conducting this research transcends the 

confines of this thesis, either directly or indirectly through the passing of knowledge and skills. 

 

 

“And the story belongs not to any tribe but to all of humanity—to any sentient creature with the 

power of reason and the urge to persist in its being. For it requires only the convictions that life 

is better than death, health is better than sickness, abundance is better than want, freedom is 

better than coercion, happiness is better than suffering and knowledge is better than 

superstition and ignorance.” 

Steven Pinker 
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Executive Summary 

This thesis brings together 3 novel projects about major depressive disorder (MDD) and transcranial 

direct current stimulation (tDCS). The first project addresses acceptability and efficacy of tDCS in 

late-life depression (LLD) using a meta-analysis of individual-level patient data from randomised 

sham-controlled trials. Bayesian techniques answer two questions; Is active tDCS over dorsolateral 

prefrontal cortex (DLPFC) efficacious and considered acceptable in LLD compared to sham. It is 

hypothesised active tDCS over DLPFC will improve symptoms associated with LLD compared to sham 

and will be considered acceptable in LLD. Results show there is an 82% probability of a small effect 

and no statistical difference between dropout rates for acceptability. Project 2 addresses a 

qualitative analysis of acceptability using a new paradigm to investigate the feasibility and 

acceptability of at-home tDCS. The aim is to investigate the acceptability of at-home tDCS in MDD 

using qualitative methods by answering How do patients with depression describe the acceptability 

of using a novel treatment, at-home tDCS? Data collected via semi-structured interviewing 

conducted at 2 timepoints: post 21st session (final) and at 6 months follow up. Thematic analysis 

identified 4 main themes were classified: Side effects, Effectiveness, Time commitment, Support.  

Project 3 uses Auditory Verbal Learning Task to assess verbal learning with the research question 

was “Does verbal learning improve over time following tDCS treatment for MDD?”.  Treatment was 

hypothesised to be associated with improved verbal learning skills, as measured by total learning, 

and learning over trials, in line with McClintock et al (2020) findings. Assessments occurred at 3 

timepoints after a tDCS sessions on: 1st session, the 10th session (after 2 weeks) and the 21st session 

(final). Contrary to the hypothesis, no statistically significant results were elicited. This was not 

expected but are in line with some reports. The final chapter takes the opportunity to discuss further 

the results of each project in more detail and the impact that COVID-19 may have on MDD research 

in the future.  
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Chapter 1: Introduction 

Chapter Overview 

This chapter will begin with a review of the historical aspects of depression and how the nosology of 

depression was developed. Then, the chapter will cover diagnosis, epidemiology, and aetiology of 

depression. Next, the current available treatment options and clinical issues with treatments will be 

discussed. The chapter will go through an overview of transcranial direct current stimulation (tDCS), 

the modalities, and mechanisms of action. The chapter discusses meta-analysis as an analytical 

technique in late-life depression (LLD), acceptability, and neurocognitive aspects of transcranial 

direct current stimulation as a brief review of each project of the thesis. The research aims, 

objectives, questions and hypothesis will conclude this chapter. 

 

1. History of depression  

Vulnerability within experiences is not unique to a certain subset, group or time. It is universal and 

constant as to be seen as inherent in the human condition (Fineman, 2008). So, it is likely mood 

disturbance and the vulnerabilities that predispose humans to such mood disturbance also predates 

written historical records. Anecdotal reports are documented across the Asian continent from as 

early as 10000 BC (Gautam, 1999) that are suggestive of mental distress.  In fact, many documented 

historical reports from the Asian continent are littered with examples that suggest of an 

understanding of, but at the very least an expression of mental illness and more specifically, mood 

disorders. For example, in ancient India during 10000 BC–1000 BC, anecdotal mentions of 

melancholia and depressive disorders can be found. Taking a closer look during the Era of Lord Rama 

between 5000-4000 BC, emotional responses of Rama were documented as an initial nosology of 

mental illness. The presence of nosological approaches indicate some form of understanding around 

potential cause and effect and potential symptomology. Different from current nosological practices, 

this nosology was based around endogenous (“Nijmanas rog”) and exogenous (“Agantujmanas rog”) 
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mental illness, with a further divide between psychological and physical causes. It was eventually 

classified by aetiology during the Ayurvedic era (1500 BC-1400 BC; Gautam, 1999).   

The record of mood disturbance continues through Mesopotamia and the Babylonian region 

(current day Iraq and Syria) circa 2000 BC (Reynolds & Wilson, 2013). During Babylonian times, the 

specific term ‘depression’ would have been unfamiliar. Though, there may have been a cultural 

understanding of depression, the cluster of symptoms presently used for diagnosis in the West 

might not have been implemented in the same way. Nonetheless, there is evidence of the concept 

of “being depressed” and even the knowledge of the now established “Western” symptoms, 

aetiology, and various forms of historical classifications (Reynolds & Wilson, 2013). Understanding of 

cause, effect and symptomology during this time will have impacted how depression was treated.  

The collection of accounts can be found in Sumerian texts, with one example portraying the 

description of a clinical picture (Reynolds & Wilson, 2013) revealing an understanding of behavioural 

disorder that has an astonishing similarity to an agitated depressive state (Köcher, 1964, in Reynolds 

& Wilson, 2013). This text describes a ‘head of the household’, an ‘awīlum’, with biological features 

of depression including insomnia, anorexia, weakness, impaired concentration, and memory. At the 

time, a widely held belief suggested the ‘awīlum’ had upset the Gods in some manner and the Gods 

had in turn caused these symptoms. The cure: a ritual practice called ‘anti-māmītu’, involving 

creating and burying figurines, with an incantation to the Sun God and God of Justice, ‘Shamash’, to 

counter any hold the 'God’ may have on the ‘awīlum’ (Ritter & Wilson, 1980, in Reynolds & Wilson, 

2013).  

Both vague and clear terminology are used to suggest mood disturbance. The word ‘ašuštu’ might be 

understood to mean ‘distress’, with an associated verb, ‘ašašu’ meaning ‘a cutting off (or shortening) 

of life’. Also taken from the Sumerian language, ‘zikurrudû,’ refers to suicide, suicidal thoughts or 

tendencies. Whereas ‘hīp libbi’ could have several references such as a nervous breakdown, panic 

attacks or in the literal sense, ‘a breaking of the mind’. These terms raise the possibility that their 
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description of the ‘awīlum’ does in fact relate to what we understand as depression (Ritter & Wilson, 

1980).  

Whilst historic world accounts cannot be discounted, the current Western understanding and 

historical roots lie within Greco-Roman literature. Greek philosophers Hippocrates (460 BC- 360 BC) 

and Aristotle (384 BC- 322 BC) classified a term to describe depression ‘melancholia’. The word 

melancholia, or melancholy derives from Greek ‘µέλαινα χολή’ or ‘melaina chole’ meaning black bile.  

Taken from the theoretical framework, ‘humoral theory of disease’, disease in its’ entirety was 

understood to involve 4 humours key to bodily function (black bile, yellow bile, phlegm and blood). 

An example demonstrated by the belief held by Hippocrates, “if a fright or despondency last for a 

long time, it is a melancholic affection” (Hippocrates, Aphorismi 6.23; Darwin Adams, 1868). 

Melancholic disposition referred to those who are typically creative but can also become focused on 

a negative outlook towards the world (Ahonen, 2019).  Aristotle and Hippocrates agreed that 

melancholy originates from a dysfunction in bile but differed on the source of melancholia. Aristotle 

locating the heart and Hippocrates the brain, though both identified this as a physical illness related 

to black bile (Reynolds & Wilson, 2013). Melancholia evolved to be an interchangeable term for the 

mood disorder, depression in the 20th century (Ahonen, 2019).   

In Greco-Roman medicine, the ‘humoral theory of disease’ was revived under Galen (131–201 AD). 

Galen describes 3 types of melancholy dependant on where the ailment manifested, which relate to 

where the patient may be symptomatic: brain, blood, and stomach (Calabritto, 2012). One form, for 

example, for those with an inflamed stomach, Galen may suggest the blood is thicker and more 

atrabilious than normal; the stomach vapours believed to travel to the brain and thus cause 

melancholic presentations (Calabritto, 2012). Additionally, it may be an early form of nosology, or 

classification, of depressive-like illness and to an extent, this theory persisted in Europe until the 

1800’s. 
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During the Islamic Golden Age (900 -1400 AD) across the Persian Empire, constructs of mental illness 

were principally religiously based. Galen’s patient might be explained as a possession by the Jinn or 

another form of demonology. In a dismissal of these forms of portrayals, Ibn Sina described the 

culmination of Indian renaissance in a collection of books known as ‘Al Qanun fi al Tibb’ or The 

Canon. The Canon combined Greek philosophy of Galen’s ‘humoral theory of disease’ with the 

Islamic school of thought (Amr & Tbakhi, 2007; Dols, 1987). The treatment that followed addressed 

balancing black bile with procedures such as bloodletting, baths and medicines such as emetics, 

purgatives, and opiates (Dols, 1987; Daly, 2007). These practices were influential right through the 

Middle Ages and were the standard treatment practices for melancholia. The religious ideology 

around mental illness persisted and was explained as being due to sin. Allowing the body to ‘purge’ 

or release the so-called sin from the body was the recognised way to resolve these ailments. The 

term ‘acedia’ was used to describe this form of distress, defining what was known melancholia 

within the Greco-Roman world as a spiritual disease. This understanding of mental illness became 

ubiquitous across the Western world and likely contributed to stigma that has been pervasive until 

recent times (Daly, 2007). 

Galen’s seminal work on the humeral aetiology of melancholia was widely influential from the works 

of Avicenna (937-1037AD) to Timothy Bright’s (1586) Treatise of Melancholia. Nosological 

classifications of melancholia also remained rooted in Galen’s work, noted in works from Paul of 

Aegina (625-700AD), Jean Fernel (1497-1558), and Robert Burton (1621) who developed the 

‘anatomy of melancholia’ (Jansson, 2011). The beginning of a wider division of melancholia 

transpired into head, body and hypochondriacal melancholia (Jansson, 2011). 

German physician Johann Heinroth (1818) began to question the conceptualisation of melancholia. 

His description was of the ‘exaltation or depression’ of one or another’s ‘faculty of the mind’ such as 

emotion, intellect, or volition. It was Heinroth’s reconceptualization of melancholia to ‘partial 

insanity’ or the use of the term ‘depression [of emotion]’ that conceived depression to its 
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understanding today. Heinroth’s model was apparent in the first documented reference in the 19th 

century of melancholia as depressive states by another German psychiatrist, Emil Kraepelin (Ban, 

2014). Kraepelin proposed a brain pathology of 4 different types of melancholia. It can be defined as 

a cluster of symptoms rather than having one defining characteristic. Kraepelin’s idea of being able 

to identify a cluster of symptoms paved the way for Diagnostic and Statistical Manual of Mental 

Disorders (DSM) and International Classification of Diseases and Related Health Problems (ICD) 

nosology (American Psychological Association [APA], 2013; Ebert & Bär, 2010; World Health 

Organisation [WHO], 2020). These are the currently used classification of diagnosis today. 
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Overview: 

This section will define major depressive disorder as a diagnosis using nosological approaches. A 

selective review of the epidemiology and aetiology of major depression will be discussed. Then, the 

biological dysfunction of MDD and theoretical understanding of depression will be presented. First 

line treatments that are currently available on the national health service (NHS) and clinical issues 

with treating major depression will be reviewed. 

 

1.1 Major depressive disorder 

Diagnosis 

Major depressive disorder (MDD) is the clinical presentation of a cluster of symptoms lasting for 2 

weeks or more. There are 2 major classification systems: ICD, 11th revision (WHO, 2020) and DSM, 5th 

edition (APA, 2013) used to diagnose MDD. These provide the definitions of a depressive episode 

and account for the heterogeneity of MDD as it is currently understood, with the comparison 

diagnostic criteria demonstrated in Table 1. MDD Symptoms: ICD vs DSM. There is a threshold of 

severity for clinical significance which is based on number and intensity of symptoms as well as the 

impact on functional ability. The criteria delineate subtype (atypical, melancholic), duration, severity, 

and course of disorder (DSM-5; APA, 2013; ICD-11; WHO, 2020). Ultimately, the diagnosis of MDD is 

somewhat subject to the report of those experiencing (i.e., subjective) and the clinical 

documentation of symptoms impairing functioning (Nestler et al., 2002). 

 

Epidemiology 

MDD presents a significant socio-economic challenge. Globally, MDD is now the leading cause of 

disability, affecting over 322 million people worldwide (Friedrich, 2017).  Between 2005-2015, the 

years lived with disability for people experiencing MDD increased by approximately 18% and MDD 
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has been ranked as the single largest contributor to non-fatal health loss (Vos et al., 2015). In 

addition, nearly 800,000 people died following suicide in the year 2015, with many more making 

attempts of suicide (WHO, 2018).  

Table 1. MDD Symptoms: ICD-11 vs DSM-5 

Diagnosis for Major Depressive Disorder 

 ICD–11 DSM–5 

Core Symptoms, 
persistent for 2 
weeks or more 

Depressed mood  
Loss of interest 
Reduction in energy 

Depressed mood by self-report or observation 
made by others. 
Loss of interest or pleasure 

Other symptoms 
that may be 
present 

 

• Difficulty concentrating 

• Feelings of worthlessness or 
excessive or inappropriate guilt,  

• Hopelessness 

• Recurrent thoughts of death or 
suicide changes in appetite or sleep 

• Psycho motor agitation or 
retardation 

• Reduced energy or fatigue 

  

• Significant weight loss when not 
dieting or weight gain or decrease 
or increase in appetite nearly every 
day. 

• A slowing down of thought and a 
reduction of physical movement 
(observable by others, not merely 
subjective feelings of restlessness 
or being slowed down). 

• Fatigue or loss of energy nearly 
every day. 

• Feelings of worthlessness or 
excessive or inappropriate guilt 
nearly every day. 

• Diminished ability to think or 
concentrate, or indecisiveness, 
nearly every day. 

• Recurrent thoughts of 
death, recurrent suicidal 
ideation without a specific plan, or 
a suicide attempt or a specific plan 
for committing suicide. 

Number of 
symptoms required 
for moderate -
severe dx 

At least one ‘core’ symptoms with a total of 5 
or more assessed, which are occurring most 
of the day, nearly every day for 2 weeks or 
more; (mild depression can be diagnosed with 
4 symptoms)  
 
Severity is assessed by the intensity of the 
presenting symptoms, as more severe forms 
may have more or less symptoms and/or 
manifest in a more marked degree forms.  
 
 

At least one ‘core’ symptoms with a total of 5 or 
more assessed along with severity and function 
(cause clinically significant distress or 
impairment in social, occupational, or other 
important areas of functioning and are not due 
to the direct physiological effects of a substance 
(e.g., drug abuse, a prescribed medication’s side 
effects) or a medical condition (e.g., 
hypothyroidism)), duration and course of the 
depression to determine its severity 
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In the United Kingdom (UK), the prevalence of MDD is higher than average. A probable first episode 

MDD reaches 6.7% and recurrent MDD episodes range between 7.2%-12.2% compared to the global 

average of around 4.7% (Smith et al., 2013; Ferrari et al., 2013). This may be due, in part, to the 

reliance of self-report measures over objective, standardised tools (Smith et al., 2013). There is some 

variation in prevalence when looking specifically across age, gender, ethnicity, educational and 

relationship status, ability to work, current depressive symptoms and neuroticism (Smith et al., 

2013). The age of onset is typically early to mid-20’s across both high income and low to middle 

income countries (range is from 18-29 years), women are twice as likely to develop MDD than men 

(Smith et al., 2013; Kessler & Bromet, 2013).  Ethnic minority groups and migrants also have a 

slightly higher risk of developing MDD (Tarricone et al., 2012) and being separated or divorced is 

consistently associated with development of MDD (Smith et al., 2013; Kessler & Bromet, 2013). 

More severe rates of MDD report the highest inability to work due to sickness and neuroticism was 

highest in this group (Smith et al., 2013). 

 

Aetiology  

Complex theories that both converge and diverge across biological, psychological, and social spheres 

are termed and defined. They are explained in the context that these aspects can predispose, 

precipitate, or perpetuate the presence and course of a depressive illness. In this section, a biological 

understanding of dysfunctions found in MDD are explained. Then, some of the key biological and 

psychological theories underpinning these dysfunctions are discussed, as well as a description of the 

roles of stress and genetics. 

 

Neurobiology  

Neurobiological theories posit MDD is characterised by emotion dysregulation (Mennin et al., 2007). 

Emotion regulation has been located within a complex interconnected network of brain regions 
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including various regions of prefrontal cortex, anterior cingulate cortex (ACC), basal ganglia as well 

as multiple brainstem nuclei, the hypothalamus and amygdala (Kober et al., 2008). Each brain region 

acts and facilitates different aspects of emotion regulation (Park et al., 2019). The biological 

dysregulation seen in MDD leads to reduced functional activity or hyperactivity across the cortex, 

such as in the connections between the frontal-limbic system. These connections are bidirectional 

between prefrontal cortex and the hippocampus and amygdala, through modulation of 

hypothalamus, basal ganglia, and midbrain (Park et al., 2019). Following increased activation of the 

hypothalamic-pituitary-adrenal (HPA) axis, amygdala activity increases in response to negative 

stimuli, and increased connectivity to temporal poles from the amygdala occurs. Activity increases in 

the anterior cingulate cortex (ACC) while inhibiting negative stimuli and activity increases in right 

dorsolateral prefrontal cortex (DLPFC) when anticipating negative stimuli (Park et al., 2019). Also, an 

increase in insular cortex (IC) activity occurs with depressive rumination and decreased connection 

of IC with limbic structures; there is lower resting state activity, lower functional connectivity, and 

reduced responsivity to emotional stimuli in left DLPFC, as well as reduced or impaired activity in 

ventrolateral (vlPFC), ventromedial (vmPFC), and dorsomedial (dmPFC) prefrontal cortexes (Park et 

al., 2019). 

 

A comprehensive multimodal assessment using coordinate meta-analysis found convergent effects 

in co-localised brain regions (Gray et al., 2020). The subgenual cingulate cortex was identified from 

pooled structural (task activation, voxel-based morphometry (VBM)) and physiological-functional 

findings (resting state, voxel-based pathophysiology (VBP)) in MDD (Gray et al., 2020). In addition to 

the left hippocampus, the right amygdala/putamen, the left retrosplenial cortex, and the right 

middle occipital/inferior temporal gyri, though, failed to find grey matter atrophy or 

increased/decreased functions when compared to controls (Gray et al., 2020). The regions of 

structure-function that were significant have been associated with pathology and treatment 

approaches, with clinical subtypes improving convergence (Gray et al., 2020). This suggests specific 
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regions that may support further research in MDD and with a large proportion of the included 

studies (60%) being drug naïve may suggest these findings are limited to first-episode presentations 

(Gray et al., 2020). Further, that there are separate structure-function findings in those with 

frequent recurrence of episodes or treatment resistance. 

 

Monoamine Theory 

Theories to explain MDD were initially characterised by the “Monoamine Theory of Depression”, 

which identified the important role of norepinephrine and serotonin as downstream mechanisms of 

action. The proposal that MDD occurs when the availability of monoamines have centrally 

decreased, either catecholamine (e.g., norepinephrine) or indolamine (i.e., serotonin), defined the 

monoaminergic neurotransmitter hypothesis (Krishnan & Nestler, 2010). This occurs through an 

affected pre and post synapsis.  

Both norepinephrine and serotonin are released into the synaptic cleft. Altered regulatory auto-

receptors may lead to alterations in the reuptake and feedback release. This may be due to a 

depletion of enzymes i.e., tryptophan or tyrosine hydroxylase, increased specific binding or 

catabolizing enzymes such as monoamine oxidise-A (MAOA) or cathechol-o-methyltransferase 

(CoMT), malfunction or sub-sensitive receptors (Belmaker & Agam 2008; Mulinari, 2012) which is 

characterised as the monoamine receptor hypothesis. First generation medication, MOAI and 

tricyclics were established from this basis, though these were found to have high side effect profiles. 

There was an ongoing shift in the evidence as to which neurotransmitter may be more influential in 

this hypothesis, norepinephrine, or serotonin. The tip of balance appeared with the arrival of 

selective serotonin reuptake inhibitors (SSRIs) as a second generation of antidepressant treatment. 

SSRIs have a reduced side effect profile, though, does not seem to be as efficacious (Mulinari, 2012). 
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As mentioned, the understanding of monoaminergic neurotransmission was as downstream 

modification. However, these mechanisms of action did not explain the therapeutic effect and thus 

this theory does not fully account for the delayed response of antidepressants or the 20% of patients 

that have a refractory form of MDD in which symptoms persist despite multiple treatment trials or 

the occurrence of neural compensation or sub sensitivity (Boku et al.,2018). One explanation of 

delayed time to therapeutic effect is the time required to sensitize and normalise serotonergic tone 

of the 5-HT1A serotonin auto receptor at the synapse (Wainwright & Galea, 2013). However, 

ablating or disrupting serotonin does not create a depressive phenotype which suggests this system 

is not the only underlying system in MDD. Returning to monoamine receptor hypothesis, second 

generation antidepressant medications included noradrenaline based (noradrenaline reuptake 

inhibitors (NARIs)), or combined treatments such as serotonin and noradrenaline reuptake inhibitors 

(SNRIs) or noradrenergic and specific serotonergic antidepressants (NaSSAs) (Racagni & Popoli, 

2008).  

 

Chronic antidepressant usage was found to induce adaptive changes in post-receptor signalling 

cascades, and gene expression such as activation of signalling cascades or transcription factors or the 

activation/repression of specific genes (Racagni & Popoli, 2008; Sharp, 2012). This gave rise to the 

signalling adaptation hypothesis. As this shift focused downstream of the postsynaptic receptors, 

identification of gene expression changes in genes linked to neuroplasticity were identified (Racagni 

& Popoli, 2008; Sharp, 2012). Furthermore, neuroplastic changes were established such as 

synaptogenesis and remodelling, alteration of dendrite function, long-term potentiation (LTP) and 

long-term depression (LTD) (Racagni & Popoli, 2008; Sharp, 2012). 
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Psycho-neuroendocrinology Theory 

The HPA axis is a complex stress response system in the body, triggering the response arginine 

vasopressin (AVP) and corticotropin releasing hormone (CRH) secretion from the hypothalamus via 

the paraventricular nuclei (Turnbull & Rivier, 1999). The synthesis of adrenocorticotrophic hormone 

(ACTH) is initiated (Nicolaides et al., 2015). ACTH travels via the blood stream to release 

glucocorticoid cortisol, reduce neural morphology and neurogenesis in the hippocampus (Boku et al., 

2018).  This occurs until a negative feedback loop stops the cascade which cortisol passes the blood-

brain barrier and suppresses the release (Boku et al., 2018). Along with stress responsiveness, it is 

central to homeostatic metabolism and neuropsychiatric functioning. Expression of these hormones 

(CRH, ATCH) can excite and modulate the serotonergic and noradrenergic neurons respectively (De 

Kloet, Joëls, & Holsboer, 2005; Joëls & Baram, 2009) which in turn also regulate the HPA axis: 

serotonin inhibits the secretion of CRH in hypothalamus, and ACTH in pituitary glands and 

noradrenaline promotes secretion of CRH in the hypothalamus (Jeon & Kim, 2016). Experiencing 

external stress, such as childhood stressors, can markedly increase ACTH and when actively 

depressed, a further increase is seen in ATCH secretion (Stetler & Miller, 2011). This suggests that 

hyperactivity of HPA axis may precede a depressive episode and represent a manifestation of 

neurobiological abnormality persistence (Pariante & Lightman, 2008).  

 

Further, there are distinct biological correlations involving the HPA axis, for instance melancholic 

depression is characterised by HPA-axis hyperactivity, whereas there are larger levels of 

inflammation and metabolic disturbance in atypical depression (Lamers et al., 2013). Though, HPA 

markers (AVP, CRH, ACTH) show no significant difference between responders and non-responders 

in predictive treatment response (Fischer, Macare & Cleare, 2017). This may suggest a generic stress 

response is seen in MDD or this response remains even after the immediate response to treatment. 

Equally, other endocrine stress response systems such as hypothalamic-pituitary-thyroid (HPT) or 
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hypothalamic-pituitary-gonadial (HPG) systems may also play a role within MDD pathology 

(Musselman & Nemeroff, 1996). 

 

Inflammation-neurotrophic Theory 

Cytokines are inflammation modulators and are involved in both acute and chronic inflammation 

(Turner et al., 2014). Cytokines can be classed as interleukins (i.e., IL-1, IL-6), interferons (i.e., IFN-α, 

IFN-β) and tumour necrosis factors (i.e., TNF-α) (Turner et al., 2014).  

Cytokines are the primary expression is within the central nervous system (CNS) but can also be 

identified peripherally (Turnball & River, 1999). The presence of peripheral cytokines was extensively 

researched. Cytokines found to be expressed as metabolic changes in peripheral blood samples of 

MDD patients were identified as inflammation markers and potential biomarkers for investigation 

(Raison, Capuron, & Miller, 2006; Miller, Maletic & Raison, 2009; Köhler et al., 2017; Pu et al., 2020). 

Bi-directional communication between immune and endocrine centres are mediated by HPA axis 

activity. Pleiotropic properties of cytokines influence secretion from HPA axis, and the central 

activity of cytokines might account for the hyperactivity seen in HPA axis via a disturbance of the 

feedback loop (Schiepers, Wichers & Maes, 2005).  

 

Cytokines interact with nervous and neuroendocrine systems via neurotransmitters, as well as 

interacting with neurogenesis-degeneration and antidepressant action (Jeon & Kim, 2016). Cytokines 

have been correlated with MDD via the relationship between stress, antidepressant treatment and 

up or down regulation of brain derived neurotrophin factor (BDNF). The mechanisms of actions are 

understood as the neurotrophin hypothesis of depression (Duman & Monteggia, 2006).  
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Neurotrophins (i.e., BDNF) are involved in the survival and differentiation of neurons and a major 

regulator of synaptic transmission and plasticity (Bramham & Messaoudi, 2005). BDNF as a growth 

factor binds to tyrosine kinase receptor B (TrkB) receptors to promote growth, proliferation, 

neuroplasticity, and has a powerful neuroprotective role such as in caspase-regulated apoptosis 

(Groves, 2007). The reduction in BDNF along with inflammation, can cause oxidative and nitrative 

stress both acute and chronic. This triggers an autoimmune response, reducing neurogenesis and 

increasing neurodegeneration, particularly in limbic regions ultimately leading to depressive 

symptoms. Whereas chronic antidepressant treatment upregulates the mRNA expression of BDNF in 

the hippocampus and serotonin and noradrenaline (Jeon & Kim, 2016; Duman & Li, 2012). 

 

Novel Theories of Depression 

More recent advances in these theories have identified N-methyl-D-aspartate (NMDA), a glutamate 

receptor antagonist, demonstrating fast acting antidepressant like properties (Pittenger & Duman, 

2008). The role of glutamate has been highlighted as part of the brain network disruption seen in 

MDD (Ramirez-Mahaluf et al., 2017). Simulated glutamate decay was slowed in ventral ACC (vACC), 

which produced a sustained activation of vACC. The concurrent activation of DLPFC did not suppress 

the vACC hyperactivity and caused interference in DLPFC. Particularly with cognitive signals, which 

created an expected disruption mimicking depressive like cognitive disturbance. When the 

simulation was treated with SSRIs or brain stimulation, the vACC hyperactivity was counteracted 

(Ramirez-Mahaluf et al., 2017). This is suggestive of an abnormal glutamate metabolism within vACC 

for MDD. 

Both the use of a single dose of ketamine or non-ketamine NMDA receptor antagonists have rapid 

efficacy on alleviating symptoms in MDD (Kishimoto et al., 2016). It is suggestive there are 

differences in synaptic and extra synaptic neuroplasticity, given NMDA activation typically produce 

neuroplastic results. With a preference on extra synaptic NMDA receptors or possible preferential 
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NMDA blockages in GABA causing paradoxical increasing in glutamate tone, offers counterbalance 

explanation to what might be an expected intuitive cellular worsening from a blockage (Pittenger & 

Duman, 2008). 

Glutamate and its’ composite glutamate/glutamine are found more localised to the ACC, whereas a 

widespread reduction of gamma-aminobutyric acid (GABA) was observed, when compared to 

healthy controls (Godfrey et al., 2018). GABA reduction was statistically significant across depressed 

groups, though the inclusion of remitted patients removed any statistical difference between 

depressed patients and healthy controls, suggesting treatments that elicit remission, may also 

normalise GABA levels (Godfrey et al., 2018). 

 

Psychological Theory 

Early theories of MDD present a psychoanalytical approach to depression. In his seminal work, 

Mourning and Melancholia, Freud (1917, 1986) reviewed a connection between grief and depression 

which explored loss as a precursor to the development of MDD. An observation of loss of a central 

source of love or emotional security can stimulate the same negative emotions seen in MDD such as 

anxiety, fear, and anger and Freud proposed an exaggerated feeling of guilt and irrational self-

criticism as a proponent to MDD driven by buried or hurt feelings of childhood loss or trauma (Freud, 

1917; Taylor, 2008). Further, MDD may develop when inwardly directing hostile ambivalent feelings 

from a loss to the self (Pysczynski & Greenberg, 1987).  

 

Under a behavioural theory, MDD symptoms can been hypothesised as reduced reward and 

decreased associative positive reinforced behaviours which strengthens depressed or passive 

behaviour and punishment of healthy behaviours (Ferster, 1973, Lewinsohn, 1974). Precursors to 

reductions in reward functions can occur as cognitions and overt avoidant behaviour predispose the 

development of MDD (Ferster, 1973).  Response-contingent positive reinforcement, abbreviated as 
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“resconposre” in the literature or RCPR, elicits depressed behaviours such as dysphoria, fatigue and 

somatic symptoms, when the rate of RCPR is low and can also provide an explanation for other 

behaviour such as lower rates of activity (Lewinsohn, 1974). The number and availability of 

potentially reinforcing events and an individual’s response to environmental stimuli to develop a 

positive reinforcement determines the total amount of RCPR (Lewinsohn, 1974). The theory 

stipulates MDD is accompanied with the reduction of RCPR. The total amount of RCPR will be lower 

for both at group level and individually i.e., lower RCPR across depressed groups compared to non-

depressed groups, but also individually, the total amount of RCPR is less when depressed compared 

to when the individual is not depressed. The intensity of depression covaries with a rate of RCPR and 

improvement or recovery is associated with an increase of RCPR (Lewinsohn, 1974).  This theory, in 

essence, suggests a combination of environmental changes and avoidant type behaviours inhibit 

those experiencing MDD from experiencing reward and the following reinforcement is reduced for 

healthy RCPR, punishment of healthy behaviours and reinforcement of depressed or passive 

behaviour (Ferster, 1973, Lewinsohn, 1974). 

 

The use of proxy measures of positive reinforcement (daily activity diaries and a self-report index of 

environmental reward) found a mediating role between avoidance and depression, with increased 

avoidance both behaviourally and cognitively (Carvalho & Hopko 2011). This means an increased risk 

of the development of MDD with the reduction of positive reinforcement (Carvalho & Hopko 2011). 

Positive reinforcement can be developed as a therapeutic treatment called behavioural activation 

(BA) and is designed to support the access of positive reinforcement events (Jacobson, Martell, & 

Dimidjian, 2001). However, a measurement of contact with the reinforcer confounds the 

measurement of the hypothesised behaviour change. Further, using a standardised measure of 

reinforcement such as Pleasant Event Scale (PES; MacPhillamy & Lewinsohn, 1974; MacPhillamy & 

Lewinsohn, 1982) confounds any measurements of reinforcement with a measurement of mood. 
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Nevertheless, it is generally accepted that contact with certain events can improve the mood 

(Manos, Kanter & Busch, 2010). 

 

Cognitive theories root from a proposal by Aaron Beck (1967). An information-processing model, 

characterised as a thinking disorder, describes MDD as a prolonged and pronounced negative bias in 

a “cognitive triad”: negative views on the self, the future, and others. Cognitive distortions were 

identified as selective abstraction, magnification, minimisation or overgeneralisation, and negative 

self-attributions (Beck, 1967).  

 

A further proposed cognitive theory is based on Seligman’s (1975, 1979) learned helplessness and 

attribution styles and has undergone several revisions and adaptations. The control perspective 

purports the notions that following an uncontrolled loss, there is a low expectation for control over 

future outcomes and this subsequently produces symptoms under motivational, cognitive, and 

affective types (Pysczynski & Greenberg, 1987). Abramson et al., (1978) present an alternative 

helplessness acting as a mediator between the loss of control and emerging helplessness attributes, 

creating a three-dimensional taxonomy of attributions, defining specific aspects of learned 

helplessness: “(a) the greater the internality of the attribution, the greater the loss of self-esteem; (b) 

the greater the stability of the attribution, the greater the chronicity of the helplessness deficits; and 

(c) the greater the globality of the attribution, the wider the range of behavioural domains to which 

the helplessness effects generalize” (Pysczynski & Greenberg, 1987, p. 123). 

 

Alloy et al (1988) developed the hopelessness theory of MDD suggesting a vulnerability develops 

during a depressive episode for those who experience negative inferential thinking as a response to 

a negative event. The inference of negative consequences will follow an active negative event and 

feelings of worthlessness or being fundamentally flawed is a rationale for the occurrence of a 

negative event (Alloy et al, 1988).  
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Combining both behavioural and cognitive approaches developed the most popular model of 

cognitive-behavioural therapy (CBT). As a treatment, it combines the thought, behaviour, and 

emotions (Beck, 1995; Blenkiron, 1999). Under this model, psychological dysfunction is understood 

as information processing and learning mechanisms (Haslett-Stevens & Craske, 2008). The cognitive-

behaviour approach uses human behaviour orientated by experimental process, so any given 

behaviour is a function to the environmental and internal spaces it surrounds (Goldfried & Davison, 

1994). Therefore, CBT is designed to target specific symptoms and behaviours. The third assumption 

relates to learning to adopt the change desired over maladaptive information processing and 

learning. CBT is considered a scientific approach, through the therapist’s evaluation of change at the 

level of the patient (Haslett-Stevens & Craske, 2008).  

 

Both cognitive and psychodynamic approaches propose self-criticism and dependency as personality 

traits may predispose for a specific vulnerability. As such if one has high levels of self-criticism and 

perceive not meeting such standards, this could trigger a depressive event or in those with high 

dependency, a focus on interpersonal relations, and an interpersonal loss, abandonment or rejection 

may result in a depressive episode (Blatt & Zuroff, 1992). 

 

The onset of MDD can be predicted by some psychological factors derived from cognitive and 

personality-based approaches i.e., dysfunctional attitudes, cognitive styles, cognitive reactivity, and 

negative emotionality were related to the first onset of a depressive episode (Fu et al., 2021). Due to 

low number of studies using a cognitive theory, Fu et al., (2021) were not able to review moderators. 

For personality-based studies investigating negative and positive emotionality, negative emotionality 

(most studied was neuroticism) was related to the first onset of MDD (pooled OR: 2.43, 95% CI: 1.41 

to 4.19) and positive emotionality did not decrease the onset of MDD (pooled OR: 0.93, 95% CI: 0.84 

to 1.03). There were not enough data to examine behavioural and diathesis-stress theory models 
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and no prospective psychodynamic studies to allow any examination of this theory.   Whilst there is 

some evidence that psychological theories (cognitive and personality-based theories) predicted the 

onset of MDD, there is still much research to conduct to definitively conclude this (Fu et al., 2021). 

 

Though, personality traits are known to have an impact on the development of MDD. Neuroticism is 

characterised as “the tendency to experience frequent, intense negative emotions associated with 

the sense of uncontrollability (the perception of inadequate coping) in response to stress” but is also 

expressed as anxiety, worry, emotional anger or avoidance (Barlow et al., 2014a; Barlow et al 

2014b). Typically, the personality trait of neuroticism has been known as stable and genetically 

based but is now understood to integrate genetic, neurobiological, and environmental factors in the 

presentation of neuroticism (Barlow et al., 2014a). Results from polygenic scoring on the Big Five 

genome-wide associations were predictive for MDD (de Moor et al., 2015) but not for 

extraversion/reward dependence. One explanation for this is the gene for extraversion is more 

complex (i.e., more polygenic and rare variants), when compared to neuroticism (Van Den Berg & de 

Moor, 2020). Stress across the lifetime can have a direct impact on MDD, their symptoms and is 

moderated by levels of neuroticism present. In other words, the impact of stressful situations is 

greater for those vulnerable to or with higher levels of neuroticism (Vinkers et al., 2014).  

 

Stressful Life Events and Genetics  

Heritability of MDD is around 37% (Sullivan, Neale, & Kendler, 2000). Stressful life events (SLEs) have 

been consistently reported as an acute strong precursor to a depressive episode (Kessler, 1997; 

Almeida & Kessler, 1998). There are 5 domains which are identified as SLEs: health, housing, 

relationships, employment, and finance (Caspi et al., 2003; Haberstick et al., 2016). Vulnerability to 

developing a depressive episode following an SLE is largely driven by genetic predisposition (Sullivan, 

Neale, & Kendler, 2000) or early life stress (Pechtel & Pizzagalli, 2011). 
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SLEs were believed to interact with the serotonin transporter polymorphism gene (5-HTTLPR) in the 

serotonin transporter gene (SLC6A4). Gene-environment interaction (GxE) studies suggested there 

was a specific endophenotype 5-HTTLPR gene (S-carriers) that present a vulnerability to stress in 

which these carriers of the S-allele have a latent personality trait known as neuroticism or negative 

affectivity (Uher & McGuffin, 2010; Caspi et al., 2010). The theory is known as “diathesis-stress 

model” (Monroe & Simons, 1991). Genetic disposition does not end here, though, as out of 26 target 

genes that have been reviewed, 6 other genes were identified to have significant result for MDD: 

APOE, DRD4, GNB3, HTR1A, MTHFR, and SLC6A3, along with 5-HTTLPR/ SLC6A4. However, the 

results were not replicated (Bosker et al., 2011). The lack of replication was also supported by 

genome-wide association studies (GWAS; Wray et al., 2012). Some challenges that have been 

identified are moderate heritability and high prevalence of MDD. The heterogeneity of both genetic 

and non-genetic factors combined with limited understanding of genotype-phenotype relationship 

(Levinson et al., 2014). Addressing some of these challenges within the study design has led to 80 

genomic loci with associations with MDD (Direk et al., 2017; Howard et al., 2018; Wray et al., 2018).  

 

Early life stress has been defined as a single or multiple life event in that the experience exceeds the 

child’s coping ability and leads to a prolonged activation of stress (Pechtel & Pizzagalli, 2011). 

Identified subtypes of early life stress associated with the development of MDD include physical 

abuse, sexual abuse and unspecified neglect (Carr et al., 2013) but can also extend to household 

dysfunction, disaster and social deprivation (Brown et al., 2009). When faced with prolonged HPA 

axis activation, brain regions that have longer maturation courses such as prefrontal cortex (PFC) 

development are vulnerable to the development of dysfunction (i.e., prefrontal dysfunction). 

Executive dysfunction can lead directly to emotional dysregulation and rumination contributing to 

incidences of MDD (Pechtel & Pizzagalli, 2011). 
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Neuroplastic Theory  

Neuroplastic theories of MDD bring together neurobiological (i.e., neuroimaging), cognitive (i.e., 

memory impairment) and information processing deficits (i.e., attention or memory negative 

biases), and psychological constructs (i.e., patient reported symptoms) (Price and Duman, 2020). 

With a focus on PFC, HPA axis, dopamine system in ventral tegmental area-nucleus accumbens (VTA-

NAc), amygdala and hippocampus, and the role these regions play in neuroplasticity through direct 

or indirect action at molecular and cellular signalling levels. A disruption of neurotrophin factors 

such as BDNF and synaptic connectivity is what is proposed to lead to the development of MDD 

(Duman et al., 2016). 
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1.2 Current Treatment Options 

In the UK, National Institute for Health and Care Excellence (NICE) guidelines provide evidenced 

based preferential options for the treatment and management of MDD. The first line treatments are 

antidepressants and psychological therapies. The first line treatments are influenced by the duration 

and severity of the episode, any historical course and response to treatment, as well as personal 

preference and priorities (point 1.5.1.3;  NICE, 2022). More complex presentations are managed 

under secondary mental health care establishments but a large proportion, the majority of those 

who receive a diagnosis, treatment and management will do so under primary care by a general 

practitioner (GP, Kessler et al., 2003; Wilson et al., 2003).  

Prior to starting treatments, evidence suggests a triad of good practices can support prevention and 

or recovery of those with MDD. These include healthy eating, physical exercise, and sleep hygiene 

(Briguglio et al., 2020) and are also supported within the NICE guidance. 

 

Antidepressant Treatments  

There has been significant development in antidepressant treatment over the last few decades 

offering increased choice for patients and clinicians such as SSRIs and SNRIs. A recent network meta-

analysis shows overall random-effect summary standardised mean difference (SMD) is 0.3, (95% 

Credible interval (CrI) 0.26 -0.34; p= > 0.0001) suggesting small or modest effects (Cipriani et al., 

2018). When looking at individual antidepressants, all of those included in the meta-analysis were 

statistically more effective than placebo with odds ratio (ORs) ranging between 2.13 (95% credible 

interval [CrI] 1.89–2.41) for amitriptyline, and 1.37 (1.16–1.63) for reboxetine (Cipriani et al., 2018).  

 

Following a re-analysis of Cipriani et al., (2018) network meta-analysis, it was found the efficacy of 

antidepressants for MDD over placebo was unclear (Munkholm, Paludan-Müller & Boesen, 2019). 

https://www.nice.org.uk/guidance/cg90/chapter/Recommendations#step-3-persistent-subthreshold-depressive-symptoms-or-mild-to-moderate-depression-with-inadequate
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The overall design used in Cipriani et al., (2018) led to bias and there were several specific biases 

identified which were not considered in Cipriani et al (2018) analysis. A ‘placebo run in’ usually 

entails participants having placebo prior to the commencement of the study, though this was not 

clearly defined by Cipriani et al., (2018) (Munkholm, Paludan-Müller & Boesen, 2019).  There was a 

deviation from Cochrane’s overall risk of bias, in which Cipriani used a ‘moderate’ scaling to measure 

risk of bias, instead of low, unclear or high. Further, overall dropout and dropout due to adverse 

events were combined to measure acceptability and tolerability but did not assess any harms, or 

adverse events from any data relating to dropout due to adverse events, which led to further biases. 

In addition, ‘placebo run in’ trials and participants with established antidepressant doses were 

combined leading to a bias towards the active drug (Munkholm, Paludan-Müller & Boesen, 2019). 

Using the study design ‘placebo run in’ as a measure of comparison, inflates the effect size and 

effects the benefit/harm balance of placebo-controlled studies (Munkholm, Paludan-Müller & 

Boesen, 2019). 

 

Currently, recommendations for MDD are to consider an SSRI as the first line option in 

antidepressant treatment and if there has been no or minimal response after 3-4 weeks, first 

increase support and consider alternatives or augmentation after this (NICE, 2022). Effective dose 

ranges are thought to be towards the lower end of the prescribing spectrum. For SSRIs, equivalent 

dose to fluoxetine 20-40mg, venlafaxine optimises between 75-150mg and maximum efficacy for 

mirtazapine is reached at 30mg (Furukawa et al., 2019). This contrasts with APA, which suggests 

titrating to maximum doses (APA, 2010). Limited efficacy is frequently seen after an initial course of 

treatment with less than 50% responding to drug treatment and the rate of relapse can be as great 

as 80% within one year of remission (Rush et al., 2006). There are emerging concerns relating to the 

lack of efficacy for long term use of antidepressant and contribution to worsening outcomes to a 

subset of patients experiencing MDD (Fornano et al., 2019). 
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Side-effects and acceptability can often be rationales for discontinuation of treatment in clinical 

practice, both professionals and patients are faced with the potential trade-off decision between 

both.  Typical unwanted side effects such as neurological (i.e., tremor), sexual dysfunction and 

anticholinergic effects (i.e., dry mouth) are attributed to reasons for discontinuation and low 

adherence to treatment (Sinyor et al., 2020).  Furthermore, these interventions are associated with 

an uncertain onset of effect being up to four weeks until early response is seen (Machado-Vieira et 

al., 2008).  

 

Acceptability is often defined as attrition or dropout rates. In the case of Cipriani’s (2019) network 

meta-analysis, only two forms of medication; agomelatine (OR 0.84, 95% CrI 0.72–0.97) and 

fluoxetine (0.88, 0.80–0.96) were associated with fewer dropouts than placebo (Cipriani et al., 

2018). There was some tolerability for other medications with the ORs ranging between 0·43 and 

0·77; the more tolerable medications were agomelatine, fluoxetine, escitalopram, citalopram, 

vortioxetine and sertraline (Cipriani et al., 2018). However, given that only two medications were 

higher in acceptability when measured against placebo might suggest medication overall is not as an 

acceptable choice of treatment.  

A new wave of research has brought rapid-acting and effective antidepressant treatments such as 

the glutamatergic modulator, ketamine. Further, promising and evolving research being conducted 

into serotonergic psychedelics such as psilocybin and lysergic acid diethylamide (LSD) as other 

alternative treatments for MDD (Kraus et al., 2019).  

Ketamine has shown to have a large significant impact on the symptoms of MDD, when given 

intravenously which lasts from 1-7 days post infusion (Lee et al., 2015). It has demonstrated a good 

safety profile with minimal side effects of a psychotomimetic symptoms or transient elevations in 

blood pressure and heart rate (Lee et al., 2015).  However, chronic use increases the risk of 

abdominal cramps, ulcerative cystitis, and short-term memory impairment (Shahani et al., 2007). 
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Psilocybin has been found to have a moderate to large effect that could last from 1 week up to 6 

months post a single or two dose administration and a higher dose (or two dose) showed greater 

symptom improvements. Overall, psilocybin shows a good level of acceptability, and tolerability, 

though there appears to be a risk of self-limiting increases in blood pressure which means it may not 

be suitable for all, while further research is conducted (Yu et al., 2022). 

In relation to conventional medications, so far across the efficacy of pharmacology and 

psychotherapy, there is no significant difference found between the conventional options (Cuijpers 

et al., 2013). Lower drop-out rates in therapy groups suggest a higher acceptability for therapy of 

any form versus pharmacotherapy alone (n =30; ORs = 0.66; 95% CI 0.47 – 0.92) or as an adjunct to 

medication (Cuijpers, et al., 2010a). However, using dropouts only as a measure of acceptability may 

not capture the complex factors attributed to acceptability, when transferring to real-world 

comparative settings. 

 

Psychological Treatments  

For patients who seek treatment for MDD with their GP, preference for psychological therapies over 

pharmacology is around 70% in favour of psychotherapy (McHugh et al., 2013). As a first line 

treatment, cognitive behaviour therapy (CBT) is the most offered form of therapy. Overall, in terms 

of efficacy, CBT is often found to be most efficacious form of psychotherapy (Wampold et al., 2002; 

Nieuwsma et al., 2012). CBT, in real terms, continues to demonstrate mixed results. No significant 

difference in the efficacy between psychotherapies has been found and interpersonal therapy 

performing best (most efficacious; Cuijpers et al., 2008). 

 

CBT shows significantly higher drop-out rates in a comparative analysis across psychotherapies 

(Cuijpers et al., 2008).  The drop out data was either not given or limited to an overall dropout rate 
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with some including participant data for any session not attended within the dropout data and 

reasons for high dropout rates specifically for CBT were not established (Cuijpers et al., 2008).  

 

An abbreviated version of CBT would be most practicable within a primary care setting (Haslett-

Stevens & Craske, 2008).  Specific to MDD treatment, without specified core features for example 

where a depressive episode may be less circumscribed, a brief version of CBT is likely to be 

ineffective (Haslett-Stevens & Craske, 2008). Though, meta-analyses have shown to favour brief CBT 

in primary care for MDD, when compared to usual GP care (Cape et al., 2010). The effect size was 

low (d -0.33, 95% confidence interval (CI) -0.60 to -0.06, k = 4, n = 450) in comparison to longer 

treatments and brief CBT had greater outcomes for anxiety than those with MDD or mixed group (a 

presentation with anxiety and depression; Cape et al., 2010).  

 

The risk difference of patients no longer meeting criteria for MDD, and absolute rates of response 

and remission were significant (p=0.002) between all participants who received psychotherapy 

(62%), and control conditions (43%) did not meet MDD criteria after (Cuijpers et al., 2014). The 

absolute presence of MDD found no significant difference between type of psychotherapy (p=0.25). 

Different types of control conditions show large differences, from waiting lists as a control (17%), 

care as usual (48%) and ‘other’ controls (52%), and there was high to very high heterogeneity in 

most subgroups. Significant response rates were found after psychotherapy when compared to 

control conditions (p<0.001), defined as a 50% reduction on the Hamilton Rating Scale for 

Depression (HAMD). Remission rates for studies that defined as a score of 7 or lower on the HAMD 

were not significant when compared to control conditions but did represent a trend (p=0.07) 

(Cuijpers et al., 2014). Whereas studies that defined a score of 6 or lower on the HAMD, remission 

rates (41%) were significantly higher compared to control conditions (21%). Overall, the number of 

studies including CBT was higher than any other psychotherapy, those included in the remission 

score of 6 or lower (n=12) had a higher rate of CBT studies included in them in comparison to those 
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studies with a remission rate of 7 or lower (n=14; Cuijpers et al., 2014). This may mean that any 

results may require caution as it is not clear if the differing response ratings, therapy type and 

loading of the therapy in each remission group have differences that are significantly affecting the 

results. 

Age is a considerable factor in the efficacy of psychotherapy. The effect size for adults is larger than 

adolescents and children. Across the adult age group effect sizes ranged from 0.66 (0.51-0.82 for 

older adults) to 0.98 (0.79-1.16 for younger adults), the effect size appears to decline until oldest 

old, when it reaches the highest efficacy again at 0.97, though there are less studies including oldest 

old age group (Cuijpers et al., 2020). 

 

Psychotherapy has efficacy that lasts beyond the acute treatment phase, that is after the end of 

treatment. From 6 months or longer post randomisation shows psychotherapy significantly 

outperforms ‘treatment as usual’ in all outcomes (recovery, remission, partial remission, response, 

and reduction in depression severity) and across quality of life (QoL) measures (Karyotaki et al., 

2016). It may be patients notice a perceived improvement in QoL following psychotherapy treatment 

and this is impacting on the lasting effects of treatment which is not felt with treatment as usual. As 

an independent construct, QoL independently improved unrelated to improved symptomology of 

MDD and it is unclear if there is any causal or temporal relationship between these two factors 

(Kolovos, Kleiboer & Cuijpers, 2016). 

 

A major criticism of the research base for psychotherapy is many studies included in meta-analyses 

have been found to be of low quality. Conducted by rating against the different domains in Cochrane 

Risk of Bias tool and quality assessment using Chi Square to produce an average quality score, the 

effect size of psychotherapies may be overstated (Cuijpers et al., 2010; Chen et al., 2014). Despite 

there is ongoing discussion around the quality of the studies performed to robustly examine the 
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effects of psychotherapy as a treatment, recent meta-analyses have found ongoing low-quality 

studies affected overall effect sizes with high level of heterogeneity (Cuijpers et al., 2020).  

 

Repetitive TMS interventions for MDD 

Transcranial magnetic stimulation (TMS) is a form of non-invasive neuromodulation using a magnetic 

coil to create brief high-current pulses that can temporarily excite or inhibit specific areas (Hallett, 

2000). Repetitive TMS (rTMS) is applied across the prefrontal region of the scalp and induces a 

magnetic field that causes depolarisation of the underlying neurons. This in turn modulates the 

neuron circuits that are involved with emotion regulation and symptoms of MDD (McClintock et al., 

2018). rTMS has been approved by NICE (2015) with guidelines to indicate its’ use for MDD. NICE 

guidelines suggest daily sessions of 30 mins for a course which is typically 2- 6 weeks long (NICE, 

2015). There is approved safety (McClintock et al., 2018) and efficacy (Mutz et al., 2019) for the use 

of rTMS in MDD.  In clinical practice, rTMS that can be high frequency or low frequency is most 

common, while theta-burst TMS (TBS) is also demonstrating potential efficacy (Mutz et al., 2019). 

Further, rTMS can be used across MDD treatment groups (Kiebs, Hurlemann, and Mutz, 2019). There 

is some suggestions TMS is more effective for those within hard-to-treat groups, i.e., treatment 

resistant, or intolerant may benefit most (Perera et al., 2016). However, a key critique for rTMS is 

the requirement to attend a clinic to receive treatment. The equipment is very bulky, whereas 

alternatives such as tDCS have greater portability.  

 

Important clinical issues with treating MDD  

The clinical course of MDD can be complex. For some, increased relapse rates can lead to the 

development of a chronic presentation, despite common treatments such as antidepressant 

medications and talking therapies being available (Gopinath et al., 2007; Nierenberg et al., 2003).  



 
 

29 
 

A challenge is presented at all aspects in accessing treatments through healthcare settings including 

clinical recognition, initiation, the adequacy of currently available treatments and in treatment 

response seen in patients (Pence, O’Donnell & Gayne, 2012). Within the National Health Service 

(NHS), there are often priority targets set, for example the current focus for NHS mental health 

service provision is dementia care, child, and adolescent mental health care (CAMHS) and meeting 

targets for Improving Access to Psychological Therapy (IAPT), which may cause a challenge with 

optimising primary care for MDD (Rasmussen & Young, 2022). Certainly, access to correct and timely 

treatment is compounded by rate of unassisted detection of depression such as not using a 

screening tool like Patient Health Questionnaire-9 (PHQ-9), is around 50%, and can lead to 

professional misinterpretation of the presenting symptoms (Kroenke, Spitzer & Williams, 2001; 

Mitchell, Vaze & Rao, 2009).  

Poor adherence to the treatment plan and poor tolerability to the treatment offered such as side 

effects from medication or the ability to attend clinics for therapy sessions act as contributory 

aspects to the development of treatment resistance (Nemeroff, 2007). Moreover, symptom severity, 

chronicity, co-morbidities, and older age are significant contributable factors (Thase, 2011). These 

significant contributable factors act as a challenge for professionals in identification and have a 

negative impact on the rate of recovery for patients (Rasmussen & Young, 2022). When identified, 

and adequately treated, there is a clear positive clinical response to treatment of MDD in older age 

and there is no significant difference between psychological or pharmacological interventions 

(Cuijpers et al., 2006; Nelson et al., 2008). Particularly with therapy being designed to be reviewed 

by the therapist outcomes (Haslett-Stevens & Craske, 2008), the effect of treatment and perception 

of recovery is to some degree predicated on the therapist rather than being patient-led. 

Following treatment remission, the presence of residual fatigue and sleep symptoms are common 

and can cause difficulties even in achieving the simplest of tasks (Zajecka, 2013). Although, 

symptoms can extend far beyond fatigue and sleep disturbance to include ongoing depression or 
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anxiety symptoms, low libido, and include a range of somatic symptoms such as back pain, aching 

joints, stomach pain. Further, residual cognitive symptoms can be present such as memory process 

impairment and increased cognitive reactivity (Israel, 2010). Those patients experiencing residual 

symptoms can be subclassified based on the presenting symptoms, the level of psychosocial 

functioning and this is currently adequately assessed by primary care GPs (Israel, 2010; Rasmussen & 

Young, 2022). 

Another main clinical consideration is choice for the patient. Patient preference has an importance 

at policy and service delivery level. The former may relate to allocation of resources. The latter 

suggests that patients with their preferred treatment improves outcomes and have better treatment 

retention levels (Mergl et al., 2011; Swift, Callahan & Vollmer, 2011).  

 

Summary 

These sections have served to lay the foundations of the wider topic of depression. It began with the 

presentation of the history that led to the establishment of MDD as it is understood today across the 

Western world. A definition, epidemiology, and prevalence of MDD and a discussion on the current 

theories that may offer some explanation to the psychopathology of MDD. Current treatments along 

with the presenting clinical issues to treating MDD summarise this section. Antidepressants have 

limited efficacy and psychotherapy has limited provision and efficacy, other neuromodulations are 

not portable and therefore cannot be used in within the home environment.   

 Each of these can complicate the course of MDD if they are not addressed. One route can be to find 

an alternative to the current treatments. Novel, non-invasive neurostimulation modalities have been 

proposed for the treatment of MDD. Providing an alternative to current treatment options could 

offer another option for patients, might help alleviate the burden on psychotherapy services and 
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could be an option with a less distressing side effect profile. The next section will provide the context 

for the thesis projects with a discussion on tDCS as a novel treatment option for MDD. 
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1.3 Transcranial direct current stimulation 

Overview 

In this section, the reader will be provided with an overview of tDCS, what tDCS is, known modalities 

of tDCS. Next, the mechanisms of action of tDCS and aftereffects will be discussed. tDCS in the 

context of the efficacy as a treatment for MDD and the latest evidence for the side effect, safety, 

and acceptability of tDCS will be examined. 

 

Transcranial direct current stimulation 

Using electrical stimulation for a therapeutic effect can be traced as far back as the classical period 

of Plato and Aristotle (510 BC-323 BC) (Priori, 2003; Sarmiento et al., 2016). The electrical discharge 

of torpedo fish, when placed on the scalp, created a stupor-like state, and alleviated the patient of 

pain from a headache (Priori, 2003; Sarmiento et al., 2016). In the early 1800’s, Galvani and Volta’s 

work on galvanic currents progressed this field into clinical medicine and Galvani’s nephew, Aldini 

tried the first form of electrical stimulation in patients with reported recovery from melancholia 

(Priori, 2003). In present day, there is an array of non-invasive brain stimulation techniques that are 

used to treat several ailments including MDD. 

Non-invasive brain stimulation (NIBS) relates to a cluster of brain stimulation techniques, including 

tDCS, TMS, and transcranial alternating current stimulation (tACS). Non-invasive means that the 

stimulation can be given without the need of an incision, implant or procedure that breaks the skin 

(Woods et al., 2016). TDCS applies stimulation in the form weak electric current that is direct 

compared with tACS that applies a with a sinusodial-wave pattern to the scalp. TDCS and these 

forms of transcranial electrical stimulation (TES) have a range of benefits over standard treatment, in 

areas such as cost-effectiveness, portability, and a low side effect profile (Tortella et al., 2014), such 
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as changes in skin sensation (itching, tingling, burning sensation) during the procedure and headache 

(Matsumoto & Ugawa, 2017). TMS is also a form non-invasive neuromodulation (Hallett, 2000). 

 

tDCS is applied to the scalp using a weak direct electrical current that induces spontaneous changes 

in cortical regions of the brain, with two or more electrodes placed on the scalp. The effect is 

polarity-specific, dependent on the direction of the current flows. Weak, constant polarisation of the 

neuronal resting membrane potential towards depolarisation is seen with positive (anodal) direct 

current stimulation and increased spontaneous modulation of cells. Negative (cathodal) stimulation 

produces opposite effects, hyperpolarization of the resting membrane potential (Nitsche et al., 

2003).  

 

Establishing the initial tDCS post stimulation effects were rooted in studies using TMS through 

combined animal and human research (Nitsche & Paulus, 2000), and expanded on as is the potential 

for tDCS use in MDD (Palm et al, 2016). Long lasting excitation in TMS, which increased 

approximately 150% above baseline, is evident for up to 90 minutes after the end of stimulation 

(Antal et al., 2004; Nitsche & Paulus, 2000, 2001; Nitsche et al., 2003). Depolarisation of the 

neuronal resting membrane potential was seen with positive (anodal) direct current stimulation, 

increased spontaneous firing of cells and dependent on the direction of the current flow. With the 

converse, towards hyperpolarisation following cathodal stimulation. A prime target to understand 

the physiological effects of tDCS and measure TMS-induced excitability changes using motor evoked 

potentials (MEP) in humans is the primary motor cortex. Induced changes outlast acute effects and 

long-lasting excitation is evident between minutes, and up to 24 hours after the end of stimulation 

(Antal et al., 2004; Nitsche and Paulus, 2000, 2001; Nitsche et al., 2003). The length of effect after 

tDCS is likely dependent on the form of modification (Liebetanz et al., 2002, Nitsche et al., 2003) and 

though, still purported to be representing acute-phase changes. This can be seen in the promotion 

of both LTP, or the strengthening of synaptic activity and lasting signal transmission between two 
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neurons and LTD, the selective reduction of synaptic efficacy but remain within early phase of 

plasticity. There are various forms of neuroplasticity, such as single cell synaptic and non-synaptic 

plasticity, in which LTP and LTD are involved. More widely, neuroplasticity can be involved in cortical 

remapping following brain injury (Wittenberg, 2010), where changes in interactions between brain 

regions can be seen. Further, activity-dependent neuroplasticity can be induced, such as found 

following changes in emotion, environment factors (Davidson & McEwen, 2012) and occur as part of 

healthy development across the life course.   

 

Nitsche and Paulus (2000) demonstrated MEP with the use of TMS in healthy subjects as the basic 

neurophysiology of neuronal excitation, in relation to current polarity but also highlights the 

criticality of electrode position and duration of the stimulation session. This study further 

demonstrated mechanisms like short term potentiation for anodal stimulation. Long lasting 

excitation, which increased approximately 150% above baseline, is evident for up to 90 minutes after 

the end of stimulation (Nitsche & Paulus, 2001).  In contrast to TMS, tDCS does not directly trigger 

action potential in neuronal cells, as it does not exceed the threshold for depolarisation while TMS 

does induce neuronal discharge. Rather, tDCS facilitates neuromodulation of the neuronal resting 

membrane potential at a subthreshold level, shifting towards depolarisation (Nitsche & Paulus, 

2000, 2001; Palm et al., 2016).  

When investigating TMS in MDD, functional and structural changes were observed in several cortical 

regions, especially the left dorsolateral and ventromedial cortex, the amygdala and the hippocampus 

following a successful positive course of TMS (Campbell et al., 2004; Hamilton, Siemer, & Gotlib, 

2008; Koenigs, & Grafman, 2009). Combine this with a hypoactivity and hyperactivity across left and 

right DLPFC brain regions respectively (Grimm et al., 2008) gave the initial basis for the rationale of 

tDCS in these regions. With excitatory stimulation of the left DLPFC and the inhibitory stimulation 

over the right DLPFC, there is suggestion tDCS normalizes cortical activity. Though it is possible 

subcortical influences from amygdala, hippocampus seen in neuroimaging studies or even other 



 
 

35 
 

psychopathology, or comorbidities may have an impact on tDCS (Palm et al., 2016). Further, it is 

unclear if single polarity tDCS stimulation is responsible for improvements in MDD symptoms or 

whether it is a combination of both polarizations (Palm et al., 2016). 

 

Modalities of tDCS 

A key proposed mechanism of action of tDCS is located at calcium-dependent glutamate synaptic 

receptors, in which the aftereffects are proposed to be related to the induction of neuroplasticity. By 

pharmacologically blocking NMDA receptors, diminished effects of tDCS were seen (Liebetanz et al., 

2002, Nitsche et al., 2004). Liebetanz et al (2002) used carbamazepine (CBZ), dextromethorphan 

(DMO) and a placebo tablet to investigate the possible mechanism of direct current induced after 

effect excitability changes. CBZ was chosen for its’ ability to stabilises membrane potential in voltage 

dependent manner and suggest 600mg CBZ should selectively interfere with anodal stimulation. 

DMO is an NMDA receptor blocker which mediates neuroplastic changes of the motor cortex such as 

LTP or LTD. Results showed CBZ caused a selective prevention of MEP increase after anodal 

stimulation and DMO suppressed the tDCS induced affect effects, irrespective stimulation polarity. 

The affect-effects of tDCS are dependent on its action at the membrane potential. Anodal 

stimulation, post CBZ dosage, lowered the resting membrane potential toward depolarisation and 

highlight the potential importance to lasting after-effects. Another impact on glutamate-associated 

plasticity is tDCS-induced reduction of local GABA neurotransmission, due to the glutamate 

relationship to GABA as regardless of stimulation polarity (Stagg et al., 2009). This study used 

magnetic resonance spectroscopy (MRS), which detect changes of glutamate and GABA, after a tDCS 

session.  

 

Longer term effects are often characterised as NMDA receptor-dependant and are presumed to 

reflect changes in synaptic efficacy and plasticity. Human studies within the primary motor cortex 

reveal glutamatergic receptors, in which the after-effects are proposed to be related to the 
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induction of neuroplasticity. NMDA receptor agonists/antagonists show the ability to selectively 

block, or indeed prolong, the MEP post-effects of anodal stimulation (Nitsche et al., 2003; Nitsche et 

al., 2004). With the activation of NMDA receptors, follows an influx of calcium ions, which is 

essential to plasticity (Stagg, Antal & Nitsche, 2018).  

 

It is worth noting when tDCS is delivered to specific areas, it is not only cellular-level changes that 

have been reported and as such as tDCS stimulation to regions such as primary motor cortex (M1) 

(Polanía et al., 2011a,b, 2012) and the prefrontal cortex (Keeser et al., 2011) may interfere with 

functional connectivity in various networks, both cortical and subcortical. This is probably due to the 

propagation of larger and more distal compartments being homogenously polarised.  

 

Further, there is suggestion of cumulative after-effects of repeated sessions with MEP sustaining 

even after 24 hours, an effect also blocked through NMDA antagonists which is initially reduced and 

then increased excitability (Monte-Silva et al., 2013). Evidence provided through MRS, which detect 

changes of glutamate and GABA after a tDCS session, found reductions of GABA locally after anodal 

tDCS while reduced glutamatergic neuronal activity followed cathodal stimulation with a highly 

correlated reduction in GABA (Stagg et al., 2009). Taken together, this suggests neuroplasticity 

following tDCS is both calcium and NMDA dependent and comparable to LTP and LTD likely at 

glutamatergic synapses and probably accessed through the reduction of GABA (Stagg, Antal & 

Nitsche, 2018).  

 

In addition, the modulation of serotonergic and dopaminergic systems implicated in MDD may be 

influenced by tDCS. A significant improvement of the serotonin transporter (SLC6A4) was seen in 

long/long homozygotes than short allele carriers after tDCS (Brunoni et al., 2013a). The genetic 

polymorphism enzyme involved in the catabolism of dopamine, CoMT, appear to influence anodal 

stimulation effects on prefrontal functioning (Plewnia et al., 2013). This neuronal process 
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modulation is being used as an advantage in the development of tDCS protocols that require LTP or 

LTD, such as learning and memory. 

 

Practical application of tDCS has established parameters to optimise the effectiveness of tDCS. The 

current in tDCS is typically in the range of 0.5 – 2 mA and is applied through 2 electrodes placed on 

the scalp with a conductive substance such as a saline solution or gel (Dedoncker et al., 2016; Turi et 

al., 2014). The MDD treatment protocol has current flowing from the anode electrode to the 

cathode electrode (and electrons flow from the cathode to the anode). The surface area of the 

sponge-electrode used in studies in MDD are typically large for comfort, approximately 25 – 35 cm², 

and sponge-electrode size can range from 3.5 – 100 cm² (Dedoncker et al., 2016; Turi et al., 2014). 

This means the stimulation is non-focal. The current passes with high impedance, through the skin, 

subcutaneous tissue, and skull. It is estimated that 25 – 50 % of the given current reaches through 

the cerebrospinal fluid (CSF) to grey matter (Rush & Driscoll 1968; Vöröslakos et al., 2018). Factors 

such as area of stimulation, electrode size, conductive fluid, distance between electrodes, as well as 

individual differences contribute to the final current intensity (Dedoncker et al., 2016; Rush & 

Driscoll 1968; Turi et al., 2014; Woods et al., 2015). A course of treatment ranged from 5-20 

sessions. An optimal ‘course’ would be the equivalent of 12 or more sessions (Chase et al, 2020). 

 

The efficacy for treating MDD with tDCS 

Meta-analyses of tDCS studies have provided evidence for clinical efficacy both for improvement in 

depression rating scores, and in response and remission rates. This section will discuss the current 

evidence for efficacy in MDD. 

 

Meron et al., (2015) meta-analysis provided a detailed overview of the research to date, narrative 

analysis, and insights into previous meta-analysis approaches on efficacy. They found significant 
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efficacy with a small effect (k = 11, g = 0.30, 95% CI = [0.04, 0.57], p = 0.027), defined as outcome 

measures and outcomes (Including rating scale score changes and response/remission rates). 

Though, initially, did not find categorical significant results which were in line with prior meta-

analyses (Kalu et al., 2012 and Berlim et al., 2013, respectively). Meron et al (2015) present detailed 

information on previous meta-analyses and found Shiowaza et al., (2014) had used continuous and 

categorical measures with significant results for active tDCS over sham tDCS. This means both rating 

scale scores (continuous measures) have reduced and there has been an effect from tDCS on 

response and remission rates. There are benefits to using both continuous measures to offer 

superior sensitivity to those left with symptoms and categorical measures have superior specificity 

for those without symptoms or disease (Meron et al., 2015).  

 

Meron et al., (2015) identified how each meta-analysis handled and analysed the largest included 

study (Brunoni et al., 2013b). Both continuous (rating scale scores) and categorical outcomes 

(response and remission rates) had been analysed at different timepoints (week 2 vs. week 6, the 

primary outcome). This led to repeat analysis with this change using the primary outcome (week 6) 

and revealed a statistical significance for both response and remission (response: LOR = 0.81, [0.28, 

1.34], p = 0.003, remission: LOR = 0.73, [0.13, 1.33], p = 0.017), as well as a slight increase in 

treatment scores effect (g = 0.37, [0.09, 0.65], p = 0.008) (Meron et al., 2015).  

 

Using individual-level participant data (IPD) of active versus sham tDCS treatment to increase 

accuracy of effect size, Brunoni et al., (2016a) found significant improvement in depression scores (b 

= 0.347, 95% CI 0.12–0.57, P= 0.002), when compared to sham tDCS. They found active tDCS was 

superior to sham for response (34% v. 19% respectively; OR= 2.44, 95% CI 1.38–4.32, P= 0.002), and 

remission (23.1% v. 12.7% respectively, OR= 2.38, 95% CI 1.22–4.64, P = 0.002) and demonstrated 

they were comparable to both repetitive TMS, and antidepressant treatment provided by primary 

care. Further, the results identified 2 areas of optimisation for future trials which were 
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‘refractoriness’ (the level of treatment resistance) and ‘dose’, with significance towards higher doses 

(Brunoni et al., 2016a). 

 

Mutz et al (2018) addressed a broad antidepressant efficacy across various non-invasive brain 

stimulations depression (tDCS, TMS and theta-burst stimulation) of treating a current depressive 

episode in unipolar and bipolar disorder. In relation to tDCS, significant response (k=9, OR=4.17, 95% 

CI [2.25; 7.74]) and remission rates (k =8, OR=2.88, 95% CI [1.65; 5.04]) were observed in a 

comparison of active to sham tDCS. This meta-analysis was the largest to date and unique in its 

analyses of efficacy data. As it was not confounded by co-initiation of treatment and had 

randomised allocation of sham tDCS to account for placebo effects.  

 

Comparing to sham treatment, Mutz et al (2019) network meta-analysis of randomised sham-

controlled trials revealed that a course of tDCS treatment is associated with a fourfold increased rate 

of clinical response (OR = 4.32, 95% CI [2.02; 9.29]) and a threefold increased rate of clinical 

remission (OR = 3.07, 95% CI [1.58; 5.99]).  As presentations that are routinely managed within 

primary care settings, tDCS appears to be better suited in those who respond to treatment with first 

episode or recurrent type depressive episodes (Meron et al., 2015; Brunoni et al., 2016a; Mutz et al., 

2018).  

 

Safety, side effects and acceptability of tDCS 

In relation to safety, tDCS has a good safety and acceptability profile with no significant differences 

in the drop-out rates between those who received active and those who received sham conditions 

(Meron et al., 2015; Moffa et al., 2020; Mutz et al., 2018). 

 

Brunoni et al (2011) completed a comprehensive review of adverse effects following tDCS. The 

results support a mild profile of side effects. However, a degree of selection bias in reporting, 
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assessing, and publishing adverse events (AEs) across studies was noted. As such, proposed a 

standardised questionnaire to aid in reporting AEs (Brunoni et al., 2011) and which might help to 

mitigate inconsistent reporting with AEs (Kessler et al., 2012; Nitsche et al., 2003; Poreisz et al., 

2007). 

 

The most common side effects were itching (n=46, 39.3%), tingling (n=26, 22.2%), headache (n=17, 

14.8%), burning sensation (n=10, 8.7%) and discomfort (n=12, 10.4%; Brunoni et al., 2011). 

Rare side effects include skin lesions and blurred vision. Skin lesions have been produced following 

poor electrode skin contact; this could be related to design or preparation of the electrode (Palm et 

al., 2014; Rodríguez et al., 2014). This is corrected by diminishing electrode density (by increasing the 

size of the electrode) and electrical resistance (using rubber electrodes covered with sponge and 

conductive substance i.e., saline) at the site (Woods et al., 2015). While skin lesions on the dermis 

are unpleasant, this electrochemical reaction is not expected to diffuse into the brain so not 

attributable to any form of brain injury (Bikson, Datta & Elwassif, 2009), as no oedema or injury of 

the blood-brain barrier or cerebral tissue following tDCS has been observed using MRI (Nitsche et al., 

2004). 

An instance of blurred vision has been reported in 2 occasions out of 83 reported occasions of side 

effects during the randomised control trial (RCT) (Loo et al., 2010) and a continuation study (Martin 

et al., 2013). In Martin et al (2013), tDCS was being given weekly or bi-weekly to investigate 

prevention of relapse and they found instances of blurred vision in 7% of patients and 11% 

respectively (Martin et al., 2013). Both studies had the anode place at pF3 on international 10/20 

EEG system. 

Treatment-emergent (hypo)mania (TEM) has presented in tDCS showing a small but significant risk 

following the commencement of tDCS (Berlow et al., 2019). There were 13 cases of mania or 

hypomania to date among patients with a diagnosis of a mood disorder receiving tDCS out of 411 
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patients (Berlow et al., 2019) of which 8 were taking a concurrent or co-initiation of SSRIs. One case 

met diagnostic criteria for a manic episode with psychotic features (Brunoni et al., 2011). There are 

likely multiple factors involved in these cases. Most were taking SSRIs and having adjunctive tDCS. It 

would be difficult to disentangle which or both treatments resulted in a (hypo)manic response. 

Stimulation montage which involves larger stimulation of deep central brain areas may pose a 

greater risk of mania presentation than those of montages that use frontal positions such as in major 

depression (Gálvez et al., 2011). Some of the participants were diagnosed with bipolar depression 

and antidepressants are well established to potentially cause a manic switch within this clinical 

group (Post et al., 2003). 

 

Ethical considerations raise some vital questions.  Currently, tDCS is not available as a mainstream 

treatment for MDD on the NHS. However, there is an ever-expanding private market of devices for 

purchase, with Europe approving its first at-home device classified as a medical device for the 

treatment of depression in 2019. The first question is whom should deliver tDCS in clinical 

environment (i.e., medical staff, specialised staff, or the patient) and how it should be regulated, if at 

all (Brunoni et al., 2012). The other ethical concern is around the tolerable risk of inducing 

maladaptive long-term neuroplastic changes (Brunoni et al., 2012). These uncertainties may present 

as limitations to future clinical research. As use widens, maladaptive long-term neuroplastic change 

is a valid possibility. Short term changes have been induced by tDCS in moral judgement, deception, 

decision making and in utilitarian behaviour, with polarity effects on selfish vs selfless behaviours in 

women (Edgcumbe et al., 2019; Fumagalli et al., 2010; Luber et al., 2009). Considering the wider 

effect of structural, functional brain activity, and psychopathology and personality, it is possible 

induced, undocumented changes have occurred across these realms.  

All-cause discontinuation rate or dropout rate is often the standard objective measure for 

acceptability. If the dropout limit is not met, an intervention can be considered accepted as a 

potential novel treatment. Dropout rates for tDCS are around 6% (Alonzo et al., 2019; Aparício et al., 
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2016) between active and sham groups and not statistically different (Aparício et al., 2016; Brunoni 

et al., 2016a; Moffa et al., 2017). Dropout ratings assists with providing a limited understanding of 

tolerability for the treatment but fails to address the rationales for any dropout nor address 

improvements in acceptability. If the treatment is found to efficacious, acceptability can offer a 

bridge to translating a treatment from research across to real-world implantation and concordance 

of treatment. 

 

Summary 

This section has provided an understanding of the background knowledge of tDCS with research 

background in TMS research. There has been a discussion around the modalities of tDCS and 

efficacy, safety, adverse events, and acceptability of tDCS.  The next section will provide a brief 

overview on how tDCS is used as a methodology for 3 separate projects. The first will be a meta-

analysis focused on the efficacy of tDCS in LLD, the next will be a qualitative project on acceptability 

and the final project will be tDCS and neurocognitive effects. 
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1.4 A Brief Introduction to the Thesis Projects  

Overview 

The next section will give a brief overview and rationale for the thesis in LLD, acceptability, and 

neurocognitive aspects of tDCS use. These 3 areas will be discussed in greater detail in the respective 

chapter introductions. A description of the feasibility clinical trial that was conducted alongside the 

projects follow the thesis project overviews. The section will lead directly into the research scope, 

aims and objectives, the research questions, and hypotheses. 

 

Project 1: A systematic review and meta-analysis of randomised controlled trials of tDCS in 

late-life depression  

LLD affects between 3.3% and 6% of those aged 65 or older (Volkert et al., 2013; Byers et al., 2010; 

Andreas et al., 2017). Presentation can be more somatic in symptoms compared to those of younger 

ages experiencing a depressive episode which leads to lower diagnosis and treatment (Reynolds III, 

Alexopoulos & Katz, 2002), along with increased distress, higher comorbid disease burden and 

functional decline (Sutin et al., 2013). Primary care options are preferred for this age group (Unützer 

et al., 2003). Available treatments, antidepressants, and psychotherapy (NICE, 2022) showed no 

significant difference between treatment options with a large effect size (0.72) (Cuijpers et al., 

2006). Pharmacological options can be problematic as medication can produce sides effects 

(Alexopoulos, 2011), higher nonadherence (Holvast et al., 2019) and have lower efficacy (Tedeschini 

et al., 2011). Further, though psychotherapy is preferable for those experiencing LLD (Unützer et al., 

2003; Huang et al., 2015) with an apparent efficacy for resolving depressive symptoms (Frost, 

Bauernfreund & Walters, 2019; Kishita, Takei & Stewart, 2017; Thomas et al., 2018), the quality of 

research is low (Cuijpers et al., 2006; Holvast et al., 2017) and include over estimations of their 

effects (Cuijpers et al., 2010b). tDCS could be a potential novel treatment offered as an alternative 

first line treatment within the primary care setting. However, knowledge about the efficacy and 
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acceptability is not known and there has not yet been a meta-analysis of the available evidence to 

date. The first project will address this gap in the literature.  

 

Project 2: A qualitative account of acceptability using a new paradigm to investigate the 

feasibility and acceptability of at-home tDCS 

 

A feasibility experiment is used to see if an intervention can be shaped to be relevant and 

sustainable. One of the appropriate areas of interest may focus on acceptability (Bowen et al., 2009). 

The main questions asked in a feasibility study are: can it work, will it work, and does it work? 

(Bowen et al., 2009). An additional benefit of conducting a feasibility study is cost-effectiveness, 

though it does not save on time (Morgan et al., 2018). Maximising the information gained from a 

study question such as one around acceptability is an important offset to the time cost. Acceptability 

in healthcare interventions should reflect an understanding in design, implementation, and 

evaluation and this is a process that should occur prior to the intervention and post intervention 

(Sekhon, Cartwright & Francis, 2018).  

 

Social validity has been termed to describe the acceptability of healthcare treatment and the change 

in behaviour that follows (Kazdin, 1977; Wolf, 1978). Principle research around treatment 

acceptability began with the understanding of potential service users in child behaviour 

management services, evaluating positive and reductive behaviour procedures (Miltenberger, 1990). 

There have been multiple scales developed for assessing acceptability, with most of them being 

variation of Kazdin's (1980a) Treatment Evaluation Inventory (TEI) which measures treatment 

acceptability using a 15-item 7-point Likert questionnaire, or Witt and Martens (1983) Intervention 

Rating Profile (IRP), comprised of 20 items, on a 6-point Likert-type scale which also measures 

treatment acceptability (Kazdin, 1980; Witt & Martens, 1983). It is unclear if the currently available 

tools are suitable for measuring treatment in adults, given the modelling on child outcomes. 
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Acceptability can be affected by many different factors such as the setting of treatment (Burgio et 

al., 1995) or how intrusive the treatment (Reimers et al., 1992; Spreat & Walsh, 1994). The type of 

treatment can raise both differences and similarities across acceptability (Miller & Keeley, 1992). A 

treatment which describes a medical intervention, such as describing what tDCS is or its function, did 

not seem to impact acceptability levels (Miller et al., 1998) but there are differences with 

professionals in making recommendations on a treatment (Carter, 2007).  

 

Following a critical review of 9 standardised forms measuring acceptability, Finn and Sladeczek 

(2001) reveal eight areas of treatment acceptability placing no more importance on one topic area 

than another: (a) definition of treatment acceptability; (b) content and purpose; (c) test reliability; 

(d) test validity; (e) statistical analysis; (f) sample characteristics; (g) scoring procedures; and h) uses 

of the measure in research and practice (Finn & Sladeczek, 2001). There is minimal guidance on 

conducting an acceptability assessment within complex interventions research (Sekhon, Cartwright 

& Francis, 2018). Some examples might be using a quantitative (structured questionnaire) or 

qualitative (probing questions) approach but how this should be defined or operationalised is not 

clear (Sekhon, Cartwright & Francis, 2018). To gain a valid measure of patient preference, Sidani et 

al. (2009) propose a 3-step approach is required to assess treatment acceptability. Presenting 

information to enhance participant understanding of the option, assessing perception of the 

treatment intervention, and then inquiring on what their choices are (Sidani et al., 2009).  

 

Sekhon et al. (2018) proposes a new theoretical framework of acceptability (TFA) to address this 

using inductive and deductive methods to identify 7 constructs of acceptability: affective attitude, 

burden, ethicality, intervention coherence, opportunity costs, perceived effectiveness, and self-

efficacy. The TFA offer a potential method of guiding clinicians to address barriers to treatment 

(Hudson et al., 2019) and is being included in study protocols as a primary method of assessing 

acceptability and feasibility using semi-structured interviewing across a wide range of research 
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topics (for example, Bell et al., 2020; Saracutu et al., 2019; Linnemayr et al., 2018; Griever et al., 

2019). 

 

tDCS is a relatively new form of treatment for MDD and there is established efficacy for tDCS as a 

treatment. However, there is a very limited understanding on how participants feel about the 

treatment and whether they would deem it as an acceptable treatment beyond drop out data. This 

project would aid in understanding the level of acceptability of the treatment. To address the gap in 

the literature, a qualitative assessment of acceptability of tDCS within a MDD population will be 

conducted. 

 

Project 3: The neurocognitive assessment of depression following tDCS treatment using 

auditory verbal learning test  

Verbal learning and memory are understood in terms of how humans retain and use information 

classed as symbolically representable objects. This can include numbers, word lists, and letter 

combinations. The auditory verbal learning test (AVLT) assesses verbal learning and memory, as well 

as the perceived spatial-temporal relation between those symbolically representable objects, i.e., 

the verbal item (word) to be remembered occurs before or after another unrelated discreet aspect 

(Tulving & Madigan, 1970). Within the research sphere, verbal learning students may refer to 

recalling or acquisition a word is described as ‘attachment of response to stimuli’ and forgetting the 

word refers to ‘loss of response availability’ versus a memory student who would use terms relating 

to storage and retrieval (Tulving & Madigan, 1970).  

 

Neurocognitive disturbances have been found in MDD, which have significant moderate effect and 

remediation of neurocognitive symptoms improves the outcome for depressed patients (Rock et al., 

2014). A large international multi-site study using tDCS has been conducted with MDD participants. 

In this study, participants were diagnosed with either MDD or bipolar depression, given a high or low 
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dose tDCS and assessed at baseline, after 4 and 8 weeks. Results demonstrated significant 

neurocognitive improvement with high dose tDCS as measured using a verbal learning task 

(McClintock et al., 2020).  It is possible effects are dose dependent as well as dependent on the 

length of sessions, early studies had not optimised the treatment parameters and this to further 

investigate this, we will be looking at verbal learning and memory within this thesis. 

 

TDCS appears to have some effect on neurocognitive changes within the clinical population. A recent 

meta-analysis of IPD looking at global cognitive effects with executive function, memory and 

attention found no overall significant effects but did find active tDCS was favoured over sham in 

delayed AVLT, author and year category fluency, Stroop interference and letter number sequencing 

(Martin et al., 2018).  

 

The AVLT was developed by Andre Rey (1964) as a measure of learning and memory (Rey, 1964). The 

English translation was completed by Taylor (1959) and Lezak (Lezak et al., 2004) and developed to 

add in free recall of 5 trials of words, and a recognition test to assess verbal learning and memory. 

AVLT consists of 15 words spoken by the rater on 5 successive trials; after each trials the participant 

is asked to free-recall as many words as they can. Measures on the AVLT might include (a) recall on 

individual AVLT trials, (b) total words recalled in five trials, (c) difference between recall on Trial I and 

Trial V (or maximum recall), (d) subjective organization, and (e) type of error (Weins, McMinn & 

Crossen, 1988). 

 

There are well established normative data available for AVLT (Boller-Wilson & Bleeker, 1986; Geffen 

et al., 1990; Ivnik et al., 1992; Van Der Elst, et al., 2005). When conducting tests repeatedly over a 

period using the same form shows improved performance and thus having alternative forms would 

be useful with a repeated measure methodology. There has been development of alternative forms 

that show no significant different to the original form (Geffen, Butterworth & Geffen, 1994), thus 

suitable to use different forms over different time points. 
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Historically, AVLT has not been sensitive to change in psychiatric illness such as MDD or anxiety 

when used within a clinical population (Davidoff et al., 1990; Schmidt, 1996). In that, scores did not 

differ significant from healthy controls. Though verbal learning and memory are implicated in MDD 

(Austin et al., 1992). The current evidence base for the effect of neurocognitive effects shows mixed 

results (Martin et al., 2018; McClintock et al., 2020) and a large proportion of these assessments 

have been conducted within a clinical setting. This study will look to add to the knowledge base by 

assessing AVLT (Rey, 1964) following a treatment course of home-based tDCS.  
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1.5 Description of Feasibility and Acceptability Clinical Trial 

The clinical trial was designed as a pilot, open-label, single arm, single site study to investigate the 

feasibility and acceptability of home-based tDCS. Home-based tDCS is conducted in the same way as 

tDCS in a clinic but the portability of the device allows for tDCS to be completed within a participant 

home. Research ethics committee approval by the London Fulham Research Ethics Committee, and 

local University Research Ethics Sub-Committee approval were provided. All the participants were 

provided with a written informed consent form, as a standardised informed consent form and 

completed at screening for the study (ClinicalTrials.gov ID: NCT03632434). 

 

Participants 

Participants were assessed using a structured Mini-International Neuropsychiatric Interview (MINI; 

Version 7.0.2) (Sheehan et al., 1998) to establish diagnosis of Major Depressive Disorder. Depressive 

severity was assessed by the 17-item HAMD (Hamilton, 1960). Eligibility criteria was as follows: 

Inclusion criteria were minimum age of 18 years, being in a current depressive episode as 

determined from the MINI interview, having at least a moderate severity of depressive symptoms as 

determined by a 17-item HAMD rating of ≥ 16. All participants were required to be engaging in 

psychological therapy, which could include online CBT, or to be taking antidepressant medication, 

and all participants were community-dwelling, none were an inpatient in a hospital admission or a 

resident in a care home. Exclusion criteria included treatment resistant depression as defined by 

poor clinical response to 2 or more antidepressant trials, any concurrent DSM-5 comorbid Axis I or II 

disorder within the previous 6 months, including bipolar disorder, obsessive compulsive disorder, or 

primary psychotic disorder, having significant risk of suicide or self-harm, pregnant women or 

women who were breastfeeding, history of ECT, TMS or VNS, any exclusion criteria for receiving 

tDCS, including having a scalp or skin condition (e.g. psoriasis or eczema), having metallic implants, 

including intracranial electrodes or a pacemaker.  
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The enrolment target was 30 participants, based on a 20% attrition rate to achieve a sample size of 

24 participants with major depression.  26 participants were enrolled, 24 completed the study and 2 

participants discontinued participation (n= 1 did not like tDCS sensation, session 3; n=1 did not 

disclose reason, session 12). 

Once enrolled, the participants completed a clinical interview which provided information on their 

demographics, current mental state, support network, educational background, treatment, and 

history of treatment, GP information details. A risk assessment was conducted for all participants as 

part of the MINI assessment as significant risk of suicide or self-harm was an exclusion criterion. 

 

Device 

Two devices were used as the intervention in the main study. Neuroelectrics StarStim tDCS device 

(n=3) or Flow Neuroscience Flow device (n=23) with a bifrontal montage at DLPFC and cathode at 

right DLPFC (10/20 EEG positions F3 and F4, respectively). Stimulation is 2 mA, and electrode area is 

35 cm2  for 30 minutes per session.  The rationale for 2 devices were related to COVID-19 lockdown. 

The Neuroelectrics device required in-person, researcher led application, where the Flow device 

could be managed remotely. For the studies within this thesis, data from Flow Neuroscience was 

used only. 

Frequency 

The intervention consists of a 6-week course of active tDCS over DLPFC, consisting of 5 sessions per 

week for the first 3 weeks followed by 2 sessions per week for 3 weeks, for a total of 21 tDCS 

sessions. The duration of each session is 30 minutes. Follow up sessions were offered to all enrolled 

participants at 3 months post intervention and 6 months post intervention. The tDCS parameters are 

based on meta-analyses (Meron et al., 2015; Brunoni et al., 2016a; Mutz et al., 2018) which 

demonstrate that treatment effects are most evident at 2 mA current of 30-minute stimulus 

duration for 21 sessions for participants with MDD.  
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Process 

For Neuroelectrics StarStim tDCS device, a neoprene cap was fitted to the participants head by the 

researcher. Two electrodes were placed inside the cap and connected to a Bluetooth device. A pre-

programmed software (NIC2) was used to deliver the stimulation with 10 second ramp up and down. 

The researcher was physically present in the participant home to observe the effect and to start (and 

stop as necessary) the stimulation. The stimulation was programmed to end after the 30 min 

stimulation and ramp down. The participant was instructed to sit quietly for each session and was 

directly supported by the researcher regarding electrode position, additional saline, side effect 

management, as well as any other concerns. During the stimulation session, the researcher did not 

speak with the participant. The participants were instructed to inform the researcher if there were 

any concerns re: side effects or other concerns (i.e., one occasion a participant’s doorbell rang).  

For Flow Neuroscience tDCS device, a headset was delivered to the participants home and the 

participant was directed to place the electrodes within the device using a Flow Neuroscience App 

instruction video. The researcher was on a live Microsoft Teams videoconferencing while this 

happened. The device was placed on the head by the participant and the participant was able to 

check the position using Flow Neuroscience App. The app was also used to start (and stop as 

necessary) the device. TThe participant was instructed to sit quietly for each session and directed by 

the researcher regarding electrode position, additional saline, side effect management, as well as 

any other concerns, remotely. The researcher remained present remotely via Microsoft Teams 

videoconferencing until the end of the session, so the participant could access the researcher for any 

questions at any time. During the stimulation session, the researcher did not speak with the 

participant unless there were any concerns re: side effects or any other concerns (i.e., one occasion 

a participant’s phone rang, which stopped the stimulation/or doorbell rang). 

 

All participants were in the same space for each stimulation session (i.e., in front room, using same 

chair) but there was variation with some participants preferring to be seated (n=20) and others lying 
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down (n=6). The researchers remained on the videoconference software, but again some 

participants preferred the researcher to turn their video off (n=4).   

 

At each session, a brief catch up was conducted prior to the commencement of the session to review 

any changes to medications, any side effects or adverse events since the last visit and verbal consent 

taken to go ahead with the next session. Each week an adverse event form and a Young Mania 

Rating Scale (YMRS) (Young et al., 1978) were performed to monitor for any adverse events. Some 

participants continued with tDCS after the study was completed using their own purchased device or 

keeping the device from the study (n=5). 

 

Assessments 

Treatment acceptability was assessed using a standardised form which included a 7-point Likert 

scale which was completed at visit (V) 1 prior to the first stimulation session; V21, the end of the 

study and V23, classed as the 6 month follow up visit.   

Mood scales were used to assess depressive symptoms using 17-item HAMD (Hamilton, 1960), 

anxiety symptoms using Hamilton Anxiety Rating Scale (HAMA) (Hamilton, 1959) and a self-report 

form using PHQ-9 (Kroenke, Spitzer & Williams, 2001).  Adverse effects were assessed using the tDCS 

Adverse Events Questionnaire (AEQ) (Brunoni, et al., 2011) and YMRS (Young et al., 1978). Functional 

ability was assessed using Sheehan Disability Scale (SDS) (Sheehan & Sheehan, 2008). All were 

completed at V1 prior to the stimulation, then every week during the 5 tDCS sessions per week at 

V5, V10, V15, during maintenance - at 2 tDCS sessions per week at V17, V19, V21, and at the open 

label/follow up sessions, V22, V23.   

 

Neuropsychological assessments: 2 neuropsychological assessments were chosen to be completed 

remotely: Auditory Verbal Learning Test (AVLT) (Rey, 1964) and Symbol Digit Modalities Test (SDMT) 
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(Smith, 1991) were conducted at 4 times points pre and post V1, after 2 weeks of stimulation (V10) 

and the end of the study after the final stimulation session (V21). 

 

Outcomes 

To assess feasibility of the intervention for trial, measured by a minimum participant retention of 

70% following enrolment. To assess acceptability of the intervention, responses were measured 

using a questionnaire for treatment acceptability. Secondary exploratory outcomes for mood scales 

(17-item HAMD, HAMA, PHQ-9) and functional ability (SDS). 

  

Results 

All participants responded and/or remitted; other assessments conducted including mood and 

functional ability were significantly improved (17-item HAMD, HAMA, SDS). Adverse events were 

reported and measured using AEQ (Brunoni et al.,2011). These reflect the current established mild 

side effects expected for tDCS use, results can be found in Woodham et al (2022). 
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1.6 Research Scope 

This thesis brings together 3 projects with different aspects of research using the central thread of a 

tDCS clinical trial. The clinical trial was conducted to assess the acceptability and feasibility of at-

home tDCS for MDD. The first project will address the research knowledge gap of efficacy and 

acceptability of tDCS for LLD. The second project will use a new paradigm to review the qualitative 

themes around acceptability of tDCS as a novel treatment for MDD. Project three will examine 

neurocognitive offline effects of tDCS (before and after the tDCS) in MDD participants to see if and 

how these change with treatment. 

  

1.7 Research Questions, Objectives & Methodologies  

This thesis will include the following projects: 

Project 1: Meta-analysis of individual participant data in late-life depression on acceptability and 

efficacy, extracted from randomised sham-controlled trials in LLD. 

 

Objective: Investigate the efficacy and acceptability of tDCS in LLD in an IPD meta-analysis 

Question 1: Is active tDCS over DLPFC efficacious in LLD compared to sham, as measured by 

an improvement of depressive symptoms? 

Hypothesis 1: Active tDCS over DLPFC will improve symptoms associated with LLD compared 

to sham conditions. 

Question 2: Is active tDCS over DLPFC considered acceptable in LLD, in comparison to sham 

conditions? 

Hypothesis 2: Active tDCS over DLPFC will be considered acceptable in LLD, when compared 

to sham conditions. 
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Methodology: Using Bayesian meta-analytic techniques, I will analyse the current research 

for the efficacy and acceptability of active tDCS over sham tDCS in LLD 

 

Project 2: Qualitative analysis of acceptability using a new paradigm to investigate the feasibility 

and acceptability of at-home tDCS 

 

Objective: Investigate the acceptability of home-based tDCS in major depression using 

qualitative methods 

Question: How do patients with depression describe the acceptability of using a novel 

treatment, at-home tDCS? 

Primary Statement: To understand the themes around the acceptability of using tDCS at 

home. 

Methodology: tDCS will be employed both as a treatment and causal methodology. The 

data will be collected using semi-structured interview using an acceptability questionnaire 

that includes open-ended questions. Interviews will be conducted at 2 timepoints: post V21 

(final tDCS session) and at V23, 6 month follow up. Using a thematic analysis will allow us to 

identify and understand the themes around acceptability of tDCS as a health-based 

intervention for depression. 

 

Project 3: Neurocognitive effects of tDCS using a neuropsychological task (Auditory Verbal 

Learning Task, AVLT) to assess verbal learning. 

 

Objective: Examine neurocognitive effects of home-based tDCS using the auditory verbal 

learning task, within MDD patient population. 

Question: Does verbal learning improve over time following tDCS treatment for MDD?  
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Hypothesis: tDCS treatment will be associated with improved verbal learning skills 

(measured by total correct answers recalled and learning over trials, expressed as total 

correct over x5 trials with the AVLT), in line with McClintock et al (2020) findings. 

Methodology: tDCS will used as a causal methodology with Auditory Verbal Learning Task 

(AVLT) (Rey, 1964), a neuropsychological testing of task-based activity, following the tDCS 

sessions at post 1st session, post 10th session (after 2 weeks) and post 21st session (final) to 

examine the neurocognitive correlates of tDCS.  
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Chapter 2: Systematic review and meta-analysis of randomised controlled 

trials of tDCS in late-life depression 

Chapter Overview 

 

This chapter will discuss what is LLD through defining the symptoms, epidemiology, and 

symptomatology of LLD. The clinical importance of LLD, along with the challenges with treating LLD 

will be presented and discussed. Understanding the aetiology and the main treatments provide the 

basis for the current evidence of the use of tDCS in LDD. The literature review gained limited 

evidence which required combining to establish the efficacy and this will be qualified within the 

chapter. The chapter then discuss what meta-analyses are and the principles of conducting a meta-

analysis.  The materials, methods, data analysis, results, and discussion of an individual participant 

data approach will end this chapter. 

 

2.0 Introduction 

What is late-life depression: definition, epidemiology, and symptomatology? 

LLD is defined as a major depressive episode (MDE) occurring in those of older age, typically aged 65 

years and older (Lebowitz et al., 1997). Persistent feelings of sadness and, or anhedonia (a lack of 

interest or enjoyment), for most of the day on most days persisting over a period of 2 weeks are the 

core symptoms. One or both core symptoms must be present in LLD. Along with these core 

symptoms, any combination of “specifiers” or symptoms include sleep disturbance (insomnia or 

hypersomnia); changes to loss of appetite or weight (increased or decreased) for no apparent 

reason; fatigue or loss of energy; psychomotor retardation or agitation; trouble with concentration 

or making decisions; worthlessness and excessive inappropriate guilt feelings; thoughts around 

death and suicidal ideation. According to the DSM, fifth edition (DSM-5), a combination of 5 or more 

symptoms including core symptoms with a significant impairment on their functioning is used to 
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identify and diagnose a current depressive episode (APA, 2013). In the United Kingdom (UK), ICD, 

version 11 (ICD-11), is used for diagnostic purposes (World Health Organisation, 2018). ICD-11 

criteria for a current depressive episode consist of the same core symptoms: depressed mood or lack 

of interest, enjoyment most of the day for 2 weeks, with significant functional impairment and a 

requirement for 5 or more symptoms occurring to meet the threshold of diagnosis, with ICD-11 

offering ‘qualifiers’ instead of ‘specifiers’. Where these differ, are across additional symptoms. ICD-

11 include hopelessness and anxiety, which unique to ICD-11 as part of the diagnosis. There is a 

higher threshold for those who experience bereavement within the context of ICD-11 diagnostic 

criteria. This contrasts with DSM-5 in which bereavement is considered to be a distinct category 

(APA, 2013). 

The range of prevalence rates for major depression in those aged 65 and older is between 3.3% and 

6% (Volkert et al., 2013; Byers et al., 2010; Andreas et al., 2017). This rises to approximately 7.2% in 

the oldest old (75 and over) (Luppa et al., 2012). In the UK, LLD affects 1 in 5 older people living in 

the community and 2 in 5 living in care homes (Luppa et al., 2012). Most concerning, suicidal 

ideation is commonplace when experiencing LLD. Completion of suicide is highest in older age 

groups over 60 years and is consistently seen within this clinical population across countries (Shah et 

al., 2016; WHO, 2018). As global life expectancy improves, people are living longer. The number of 

people living beyond the age of 65 is set to increase. With a high probability that an increase on 

worldwide life expectancy will see life expectancy age closer to 90 years and the largest age 

increases are found across females (Kontis et al., 2017). 

 

Whilst in the DSM-5 or ICD-11, there is no unique or subset diagnosis for LLD, there is often variation 

in the presentation and symptoms for people with LLD. At times, LLD presents less with typical mood 

and motivational symptoms and more with somatic-like symptoms, particularly in those aged 70 and 

older. This can lead to under-diagnosis and then under-treatment (Reynolds III, Alexopoulos & Katz, 

2002). When looking across the life span, the trajectory of displayed depressive symptoms also starts 
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to increase around aged 70 years and above, suggesting increased distress within this age group, 

which is not only attributable to factors such as comorbid illness and functional decline (Sutin et al., 

2013). This is explained by the experience of higher somatic disease burden, more severe mood and 

motivational symptoms often being found within this age group (Hegeman et al., 2015), and can 

create a complex picture for diagnosis.  

 

However, when treating LLD and assessing with standardised objective depressive scales, such as 17-

item HAMD (Hamilton, 1961), the greatest change in symptoms seen were across 9 items which 

include both ‘typical’ mood and motivational and symptoms that might be interpreted as somatic: 

depressed mood, guilt, and loss of interest in work and activities; sleep particularly middle and late 

insomnia, anxiety and energy and suicidal ideation. These items account for around 92% of variance 

and are comparable to non-geriatric age groups (Nelson et al., 2005).  

 

There is comparable symptom change when using the Montgomery-Åsberg Depression Rating Scale 

(MADRS) (Borza et al., 2015). An observational prognosis study looking at LLD in hospital found 

change over time, the largest effect sizes were seen in reported sadness, lassitude, and suicidal 

ideation. These are similar symptoms to those seen on HAMD despite there being some differences 

with assessment scales and type of population (i.e., hospitalised patients). Concentration difficulties 

improved the least, which could be accounted for, though a small sample of those with a diagnosis 

of dementia (Borza et al., 2015). Albeit symptom change in both standardised tools (HAMD, MADRS) 

can be used as a reliable means of measuring response and remission following treatment (Borza et 

al., 2015; Nelson et al., 2005). 

 

The natural history of symptom duration and severity, clinical course types and the stability of the 

diagnosis of LLD highlights the poor prognosis, with nearly 50% of participants feeling depressed 

around two thirds of the time (Beekman et al., 2002). It is further reflected in the chronicity of the 

illness; much of the sample had a chronic or chronic-intermittent type of LLD (64%), with only 23% 
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with ‘true’ remission, meaning there was no further occurrence within the 6 years follow up period. 

In terms of severity of symptoms, this study found a clear expected gradient, with subclinical 

depression showing the least severity, followed by MDD, dysthymic disorder (DYSTD), then ‘double 

depression’ classified as meeting diagnosis for both MDD and DSYTD, with the latter group also 

showing the worst severity and prognosis. On average, there are around 17% with clinically relevant 

symptoms (Luppa et al., 2012) and this increase as age increases i.e., over 85, around 20-25%; for 

over 90’s, it is estimated in the region of 30-50% to have clinically relevant depressive symptoms. As 

seen in younger age groups, subclinical symptoms have the same likelihood of developing into a 

diagnosable affective disorder with similarities in their outcomes, when compared to healthy age-

matched controls. Though what is unique to late-life groups is a higher percentage of diagnosable 

subthreshold or minor depression (15%), compared to MDD (2%). Further, subthreshold depression 

in late-life shows a closer alignment with a DSM diagnosable condition at their outcome 

assessments, has an interrelationship to stressful life events, among other factors and may suggest 

diagnostic tools are not wide enough when assessing depressive disorders in late-life and requires 

closer consideration of clinically relevant symptoms (Beekman et al., 2002; Van den Berg et al., 2001; 

Büchtemann et al., 2012). 

 

Incidence and recurrence of MDD across the old age population show that those with a history of 

depression occurred at a higher rate than those with a first occurrence late in life and recurrence 

was 3 times as high than those with a later onset presentation (Luijendijk et al., 2008). Women were 

twice as likely to have a first and recurrent episode but risk of the development of LLD across sex 

were no different (Büchtemann et al., 2012; Luijendijk et al., 2008).  

 

Somatic symptoms as well as motivational symptoms, over mood symptoms, have been associated 

with vascular and degenerative processes (Naarding et al., 2005). Though, this also highlights the 

importance of a differing symptom profile for LLD. There are as high as 90% of somatic symptoms 
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that are not explained by physical illness. There is a high potential that a considerable proportion of 

LLD population experiencing either an ‘atypical’ form of depression or express their symptoms in a 

somatic way, particularly in relation to the lower proportion of MDD diagnosis within this age group 

(Jeong et al., 2014).  

 

Clinical importance of addressing LLD 

Misidentification, reduced identification, and delayed treatment are clinical concerns in LLD 

(Mitchell, Rao & Vaze, 2010). As LLD can often be seen with co-morbid illness, symptoms often 

overlap. This may lead to complications during diagnosis if symptoms are solely explained by 

physical ailments rather than LLD. Potentially delayed treatment and an increase in the severity of 

‘baseline’ symptoms (symptoms that are seen at the point of diagnosis and initiation of treatment) 

can be a consequence of these complications. Thus, identifying symptomology is important, as both 

baseline depression and anxiety severity are predictors for treatment outcome. Longer duration of 

episodes has been associated with poorer treatment outcomes (Tunvirachaisakul et al., 2018). 

Moreover, when looking at item-level depressive symptoms, there is a significant disparity across 

ethnic groups. Compared to non-Hispanic white participants, all other ethnicities have significantly 

more severe symptomology as measured by Personal Health Questionnaire Depression Scale (PHQ-

8). Hispanic ethnicity was associated with 23% increased severity; other, multiple, or unspecified 

ethnic groups saw a 14% increased severity; and older Black groups showed a 10% increased 

severity. There was also 1.5 to 2-fold higher levels of anhedonia, sadness, and psychomotor 

symptoms in Hispanic and Black communities (Vyas et al., 2020).  

 

Low QoL has been linked to increased morbidity and hospitalisation (Dominick et al., 2002; Tsai et al., 

2007). Those experiencing LLD report QoL as negatively impacted and associated with higher 

mortality, typically through suicide or higher morbidity (Chang-Quan et al., 2010). Inevitably, a higher 

likelihood of accessing other health services proposes a higher economic burden on services than 
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those without depression (Bock et al., 2014; Katon, 2003). There is a strong correlation between 

physical illness, LLD and a lower disproportion of utilisation of mental health services ranging from 

56%-79% (Kohn et al., 2004; Horackova et al., 2019). 

 

Physical illness, but notably cardiovascular illness, has been highlighted as a negative predictor for 

treatment outcomes (Tunvirachaisakul et al., 2018). Importance is placed across ethnic minority 

groups, particularly where subset ethnic groups are at greater risk of vascular illness in later life with 

a troubling combination of more significant depressive symptom profile and reporting low levels of 

receiving treatment (Vyas et al., 2020). It is recognised that barriers to treatment are in both self and 

professional perceptions on the need for services as well as ageism and stigma imbedded within 

services (Burroughs et al., 2006; Bodner et al., 2018; Kim, Thyer & Munn, 2019). Further, frailty 

contributes to an attenuated response to antidepressant treatments, which was apparent after 8 

weeks of treatment with escitalopram or duloxetine, but also persisted in the continuation of 

treatment. There was an association between those with frailty who did not respond at 8 weeks, and 

those not responding at 6 and 12 months (Brown et al., 2020), suggestive of increasing frailty and 

poor response to treatment. 

 

With a higher likelihood of comorbidities in older age, an additional risk of developing treatment 

resistant depression (TRD) is discernible, and 80% of those who develop TRD in late life will be 

inadequately treated, either in form of poor response or slow response, or will show early relapse 

signatures and face augmentation of supplement treatments such as mood stabilisers or anti-

psychotics (Whyte et al., 2004). Though, when adequately identified, the clinical response to 

standard treatment of depression in late life can be as successful as those within the ‘working age’ 

adult population i.e., 18-65 (Cuijpers et al., 2006; Nelson et al., 2008). 

 

Lifetime LLD is associated with reduced hippocampal volume (Geerlings & Gerritsen, 2017). Cognitive 
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impairment is common in LLD, being observed in rates of 40-60% (Diniz et al., 2013) and persisting 

cognitive impairment is also a common clinical issue (Köhler et al., 2010; Panza et al., 2010). There is 

further association between cognitive impairment and vascular change which contribute the poor 

treatment response. This demonstrates the compounding effect MDD has in late life.  

 

There is an association between depression and performance in episodic memory, executive 

function, and processing speed, as the severity of depression increased and cognitive functioning 

declined (McDermott & Ebmeier, 2009; Koenig, Bhalla & Butters, 2014). Deficits can often remain, 

even after treatment (Diniz et al., 2013). Köhler et al., (2010) found that half of participants showed 

generalised cognitive impairment 18 months post remission consistent with earlier reports, with 

some lasting as long as 4 years. In part, this was explained by information processing speed 

contributing to other domain deficits. There were greater deficits in those who developed 

depression later in life, compared with early developed depression group (<65) and a greater effect 

on executive functioning than memory deficit. It was proposed the potential for cortical, subcortical 

atrophy and white matter hyperintensities (WMH) all offer some contributions to these differences, 

as well as age of onset differences (Köhler et al., 2010). Further, in examining the characteristics of 

persistent cognitive impairment in remitted patients, Liao et al., (2017) found amnestic mild 

cognitive impairment (MCI), show significantly more severe deficits in global cognitive functioning, 

when compared to remitted LLD (Liao et al., 2017). Likewise, greater severity or volume of WMH, 

cortical thinning, cortical and subcortical volume, are associated with global cognitive deficits, 

executive function, processing speed, attention, and memory, when compared with healthy older 

adults (Khalaf et al., 2015; Kim & Han, 2021). While those with remitted LLD had deficits specific to 

executive functioning and memory domains but not attention and processing speed, relative to 

healthy control subjects. This suggests some cognitive changes were continued to be seen in those in 

remission, but the latter domains (attention and processing speed) are reversed by successful 

depressive treatment (Liao, et al., 2017) and that these are deficits are characteristic to a current 
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depressive episode. There are some important aspects to consider here; the assessment of cognitive 

functioning, the timing of depression (i.e., age of onset) and ability to differentiate between LLD and 

cognitive disorders such as MCI, as all of these can aid clinical assessment in understanding potential 

trajectories of illness and response to treatment. Further, it may be that combined effect with 

inadequate treatment contributing to reduced treatment response.  

 

Higher WMH and increased rates of poor response to antidepressant medication have a known 

association; the greater the severity of deep periventricular WMH lesions was, the poorer the 

response to antidepressant treatment (Herrmann, Le Masurier & Ebmeier, 2008; Taylor, Aizenstein & 

Alexopoulos, 2013). WMH lesions reduced white matter integrity in regions of the brain related to 

fronto-striatal-limbic circuits, specifically in prefrontal, posterior cingulate, middle temporal cortices 

as well as hippocampus were associated with poor treatment response (Kim & Han, 2020). These 

regions are critical for multiple brain functions including emotion regulation, cognitive and executive 

function (Tadayonnejad et al., 2014). Further, there is an association with the accumulation of WMH, 

antidepressant treatment outcomes for LLD and non-remitting symptoms. An increase of WMH is 

associated with increased depressive symptoms, within the non-remitting group who have been 

treated with an antidepressant (escitalopram) and might be indicative of worsening of neural 

pathways necessary for recovery (Khalaf et al., 2015). 

 

Further, deficits in planning and organisational skills had a significant nonresponse to antidepressant 

treatment, in contrast to predictions of verbal fluency and response inhibition (Pimontel et al., 2016). 

Problem solving or cognitive training protocol as part of training within these age groups might offer 

some mitigation to the effect of reduced or non-response from treatments (Pimontel et al., 2016).  

 

Finally, some literature suggests there may well be a link among LLD, the development of mild 

cognitive impairment and dementia. There was limited data showing depression with the 
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subsequent onset and persistence of progressive memory decline. Those who have depression prior 

to the onset of MCI and dementia have been associated but only with those who developed 

depression later in life (Singh-Manoux et al., 2017). This suggested that depression could be a 

prodrome of dementia within the specific group who develop depression later in life, or that there is 

a common cause for LLD and dementia (Steffens, 2017).  

 

 Aetiology of LLD 

This section will cover the aetiology for LLD include biological, neuropsychological, psychosocial, and 

genetic hypotheses. These include vascular hypothesis, inflammation hypothesis among others as 

well as genetic disposition and psychosocial risk factors.  

 

Vascular hypothesis of LLD 

This hypothesis proposes vascular changes not only precipitate but also predispose and perpetuate 

mood disorders in older adults such as LLD (Taylor, Aizenstein & Alexopoulos, 2013). Vascular risk 

factors, particularly stroke, diabetes and heart disease have a strong association with LLD (Valkanova 

& Ebmeier, 2013). Vascular changes (microbleeds, cerebral atrophy, lacunes, perivascular spaces and 

WMH) affect regions involved in affective processing and pathways linking frontal- subcortical 

regions of the brain (Wang et al., 2014; van Agtmaal et al., 2017; Rensma et al., 2018).  

 

Van Agtmaal et al (2017) combined data from multiple measures of peripheral and cerebral 

microvascular dysfunctions across both cross-sectional and longitudinal analyses, finding generalised 

microvascular dysfunction is associated with depression; an aspect of vascular change not previously 

known to be implicated in development of LLD. However, assessing well documented risk factors to 

the cardiovascular process found no association between hypertension and LLD or between 

dyslipidaemia and LLD, and only a weak association between smoking and LLD. A positive association 

was seen between diabetes, cardiovascular disease, and stroke and LLD. This has demonstrated that 
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vascular illness, but not precursory risk factors of vascular disease, are associated with a higher risk 

for LLD episodes (Valkanova & Ebmeier, 2013).  

 

There are two ways LLD may be identified and explained in the vascular hypothesis. The first is 

through brain imaging highlighting vascular changes, an advantage is this can offer such evidence as 

discussed above. Secondly, through neuropsychological change showing executive dysfunction 

(Alexopoulos et al., 1997; Alexopoulos, 2001).  

 

Neuropsychological functioning, and brain imaging as demonstrated through the severity of WMH 

predict depressive scores using MADRS, following a 12-week antidepressant treatment with SSRI 

(Sheline et al., 2010). These have subsequently developed and diverged into 2 distinct hypotheses: 

the vascular hypothesis, which can often be described as a subset ‘vascular depression’ and 

‘depression executive dysfunction syndrome’ hypothesis. 

 

Depression executive dysfunction syndrome hypothesis 

Depression executive dysfunction (DED) syndrome hypothesis of LLD has symptoms consistent with 

a fronto-limbic dysfunction. These include anhedonia, psychomotor retardation, mild vegetative 

syndrome that produce significant disability and a lack of insight (Alexopoulos 2002; Rapp et al., 

2005). It is characterised by a deficient performance of executive function. WMH are found located 

within these regions (of frontal and subcortical areas) and have been associated with reduced 

executive function (Kim et al., 2011). Hypoactivation, low resting functional connectivity and 

metabolic activity have been identified as part of DED syndrome in LLD (Aizenstein et al., 2009; 

Alexopoulos et al., 2012). Poor response to antidepressants, and early relapse and a recurrence of 

illness, are predicted by executive dysfunction (Pimontel et al., 2016). 
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From this neuropsychological perspective, LLD is a dysfunction in the multiple networks across the 

brain, including the cognitive control, reward, and salience networks (Alexopoulos, 2019). Preceding 

cognitive control deficits is a slowing of informational processing which can be more notable in LLD, 

as natural aging will also slow processing speed. Reduced processing speed will affect attentional 

control, inhibition and working memory. Encoding becomes poorer and impacts short term memory, 

inhibition control, error monitoring, and cognitive planning; and increases the severity of LLD 

(Elderkin-Thompson et al., 2003; Lockwood, Alexopoulos, & van Gorp, 2002). 

 

Inflammation hypothesis 

The inflammation hypothesis advances the notion of age related and co-morbid disease-causing 

inflammation and then, predisposing older age to the development of depression. Conversely, it may 

predispose metabolic changes that lead to the development of LLD (Alexopoulos & Morimoto, 

2011).  

 

Cytokines induce an enzyme, indoleamine 2,3-dioxygenase, that reduces the production of 

serotonin, further cytokines can dysregulate the glutamate system and increase oxidative stress, 

damaging glial cells in prefrontal cortex and the amygdala. When microglia are persistently 

activated, this may lead to an inefficiency in the clearance of neurotoxins leading to neuronal loss 

and reduction of neurogenesis. Often in LLD, an increase in peripheral inflammatory markers is seen 

and antidepressant treatment can reduce these markers (notably, TNF-a, IL-6, IL-10, and CCL-2). Pro-

inflammatory markers are also associated to an increase in physical illness, particularly in 

cardiovascular disease, and aging may exacerbate the effect of stress in the brain, leading to changes 

like that seen in depressive illness (Charlton et al., 2018). Further, chronic systematic inflammation 

in middle adulthood is found to have a greater chance of the development of LLD and an increased 

risk for clinically significant depressive symptoms during late-life (Sonsin-Diaz et al., 2020). 
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Dementia-prodrome hypothesis 

LLD and a high conversion rate of MCI to Alzheimer’s disease (AD; Gallagher et al., 2018), suggests 

that the role underlying this conversion could also affect LLD. The dementia prodrome hypothesis 

(Byers & Yaffe, 2011) indicate that those with LLD are at greater risk of developing dementia and can 

be explained through aetiological factors. The proposal of disruption of neural networks that occur 

in dementia are the same of that in LLD. Hippocampal atrophy provides an example of this. Very 

commonly seen in dementia and aging, hippocampal atrophy is also seen in and confers vulnerability 

to developing LLD. There is some cross-over from both vascular and inflammatory hypotheses. 

However, a unique factor within the dementia-prodrome hypothesis is the accumulation of amyloid 

beta protein. LLD appears to increase the risk of the presence of amyloid beta and antidepressant 

treatment seems to delay conversion from MCI to AD (Rapp et al., 2008). Thus, this presence of 

amyloid beta could have a role in LLD. Though to date, there has been no distinct findings between 

depression and AD pathology.  

 

Hippocampal regions are vulnerable to stress and chronic illness, as they can induce ischemia and 

activation of HPA axis activity (Miller & O’callaghan, 2003). HPA activation may be an important 

observation for those with ‘early-onset’ LLD aetiology. Stress-related HPA activation can also affect 

other brain regions which are implicated in LLD, atrophy of the prefrontal cortex and hyperactivity of 

the amygdala. These regions play a significant role in cognition and may also offer explanation to the 

dementia-prodrome hypothesis. 

 

Age by disease interaction hypothesis 

Age by disease interaction hypothesis categorises LLD as a specific subtype of depression, whereby 

naturally occurring age-related gene expression directs specific biological processes that lead to the 

development of depression (McKinney & Sibille, 2013). This model posits gene expression as a main 
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driver for biological change. These changes lead to vascular, inflammatory, and neurotrophic 

processes that promote LLD, as well as dementia-related processes (McKinney & Sibille, 2013). 

 

Genetic disposition 

Of 23 genetic dispositions analysed in relation to LLD, 3 associations have been found to be 

significant: APOE, BDNF Val66 Met, and SLC6A4 5-HTTLPR. These are not determinant but represent 

genetic risk factors for the development of LLD. Particularly, APOE e4 may contribute to a 

vulnerability to LLD (an additionally high-risk gene for the AD). SLC6A4 5-HTTLPR S allele and BDNF 

Met allele present an increased risk factor for developing LLD (Naismith et al., 2012; Tsang, et al., 

2017). Heritability in LLD ranges from 14%-55% (Tsang, et al., 2017). This compares to ‘working age’ 

MDD which is around 37% (Sullivan, Neale, & Kendler, 2000) and as in ‘working age’ MDD, a sizeable 

proportion of contribution is owed to psychosocial risks, over genetics. 

 

Psychosocial risk factors 

Psychosocial risk factors include life stress or social stressors, personality attributes or maladaptive 

traits (Aziz & Steffens, 2013). Comorbid illness and functional decline markers also seen in aging can 

be psychosocial risk factors in developing LLD, along with female gender, sleep disturbance and 

adverse life stressors such as bereavement (Cole & Dendukuri, 2003; Gertner, Domino & Dow, 2017; 

Sutin et al., 2013). Carer burden, poor social connections, physical health disability and rehabilitation 

are influences that can increase risk for the development of depression (Bruce, 2002).  

 

Bereavement is strongly associated with LLD (Zisook & Kendler 2007; Thauvoye et al., 2018). Of 

those who were bereaved of their spouse, around 25% met criteria for a major depressive episode at 

2- but also 7-month post bereavement, with 15% still meeting criteria over a year later (Zisook & 

Shuchter, 1991). Understanding pre-bereavement circumstances can be important to distinguishing 

different risk factors, clinical outcome, and treatment responses between LLD and the development 
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of complicated grief (Lichtenthal, Cruess & Prigerson, 2004). For example, understanding the type of 

relationship and attachment style the widowed had with their significant other may identify those 

predisposed for developing a complicated grief as opposed to a depressive episode. Further, the 

clinical course differs to that of LLD, appears more persistent and severe in complicated grief 

without response to antidepressant treatment (Lichtenthal, Cruess & Prigerson, 2004). 

 

Social interaction contributes significantly to human wellbeing. Negative wellbeing is often cited as a 

consequence of having depression though is frequently assessed as subjective wellbeing, 

incorporating eudemonic, evaluative, and affective wellbeing (Vanhoutte, 2014; Becker, Kirchmaier 

& Trautmann, 2019). Older age groups are suggested to need fewer social contacts to protect 

against depressive symptoms compared to younger counterparts, with fewer than one close contact 

per month required to reduce a twofold incidence of developing LLD (Werner-Seidler et al., 2017). 

There is an importance of social support clearly highlighted in the literature. Social support is a 

predictor for the development of both MDD and suicidal ideation in older adults (Vanderhorst & 

McLaren, 2005). LLD, particularly in the older-old, often see sharper declines in QoL, attributable to 

poorer health or lower partnership through illness or mortality as well as child but not always 

grandchild support (Diener, 2000; Jivraj et al., 2014; Becker, Kirchmaier & Trautmann, 2019). 

 

Functional ability remains a significant risk factor in LLD as increased baseline depressive symptoms 

and subsequent functional decline was found, when compared to those without depression. More 

important, physical functioning and the decline of physical function over time was an independent 

correlate with increasing severity of reported depressive symptoms, even when accounting for the 

symptoms occurring at baseline (Callahan et al., 1998). This suggests that the more severe the 

presentation of depression, the more significant a loss in QoL of those who experience LLD will be. A 

notable strength of this research was the large enrolment of primary care patients and as such, 

researchers had access to covariate information. As these participants were attending health-based 
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clinics, the authors posit whether there may have been an over estimation in functional impairment 

which warrants further research.  

 

 Age of onset: Early vs Late Onset LLD 

LLD can be categorised into ‘early-onset’ (EOD) and ‘late-onset’ depression (LOD), depending on at 

what age the first presentation of depression occurred either before or after age 60 (Van den Berg, 

et al., 2001) and similarly, differences are seen with age of onset. Typically, the diagnostic name 

‘LLD’ includes both EOD and LOD (Blazer, 2009), with around 52% presenting with a form of LOD; 

either LOD with severe life stressors or LOD with vascular risk factors (Brodaty et al., 2001; Van den 

Berg, et al., 2001). 

 

There have been some suggestions that there are aetiological differences between EOD and LOD 

clusters (Gallagher et al., 2010; Grace & O’Brien, 2003; Van Den Berg et al., 2001). There were 

significantly more life events and bereavement in those with EOD, when compared to LOD and 

healthy controls. EOD were also significantly less likely to have a confidante, when compared with 

LOD and controls groups. Those with depression (EOD and LOD) showed higher neuroticism and 

lower extraversion when measured with Eysenck Personality questionnaire (EPQ) and compared 

with control group (Grace & O’Brien, 2003). This suggests that psychosocial risk may play a greater 

part for those with EOD, and it may be that neurobiological factors have greater impact for LOD 

type. Supporting this notion, Van den Berg et al., (2001) proposed 3 aetiological differences or 

subgroups. EOD with a psychobiological vulnerability, show higher neuroticism as well as a parental 

history of depression. Here, LOD is classified into 2 diverging groups: one being a clear delineation of 

presenting with significantly more vascular risk factors. Moreover, they tentatively propose a third 

subgroup, LOD as a reaction to severe life stressors, given the groups heterogeneity and their 

research only allowed for life stress 12 months prior, and introducing a recall bias (Van den Berg et 

al., 2001). A later review suggests no significant differences were found across aetiology or other 
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group aspects such as symptomology, or clinical outcomes other than a family history between EOD 

and LOD; it reports a sparse number of studies with inferior quality and there remains open 

discussion around potential differences (Grayson & Thomas, 2013).  

 

Environmental factors which are specific to onset have been identified in a history of childhood 

abuse and the interplay with psychosocial risk factors. Wielaard et al., (2018) addressed this aspect 

and found psychosocial factors mediated the association between childhood abuse and EOD but not 

LOD. Loneliness was the strongest mediator, and its strongest mediation was within psychological 

abuse and emotional neglect. A smaller social network was also a mediator for association between 

childhood abuse and EOD. There were no group differences between age, sex, severity of illness or 

medication use in EOD and LOD, as well as no significant differences between education, socio-

economic parameters, or life events (Wielaard et al., 2018).  

  

Those with LOD were less likely to have a familial history of depression, lower cognitive scoring as 

measured by a mini-mental state examination (MMSE), or previous admission to hospital. A 

significant association between LOD and cognition, with a lower likelihood of admission, and family 

history. Further, LOD were less likely to report thoughts of not wanting to live or endorse guilt 

feelings (Gallagher et al., 2010). Additionally, biological differences were identified in LOD in cortical 

and subcortical structural regions are suggested but results did not differ across neuropsychological 

markers after a prospective treatment study using sertraline treatment for 12 weeks (Disabato et al., 

2014). 

 

2.1. Main treatments for LLD 

NICE guidelines propose two main forms of treatment for LLD: antidepressant treatment and 

psychological therapies (NICE, 2022).  
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Antidepressants for LLD 

The pharmacological treatment option often comes in different classes of antidepressants, such as 

SSRI, and SNRI and tricyclic antidepressants (TCA). 

 

Antidepressant efficacy is demonstrated, when compared to placebo, with response and remission 

rates at 48% (OR 1.78 with 95% CI 1.42–2.24) with a number needed to treat (NNT) of 6.7 (95% CI 

4.8–10) and 33.7% (OR 1.36; 95% CI 1.07–1.73) with a NNT of 14.4 (95% CI 8.3–50), respectively for 

all antidepressants combined (Kok, Nolen & Heeren, 2012). Remission was only significant with all 

class antidepressants are pooled together. At class level (TCA vs placebo; SSRI vs placebo; other vs 

placebo), results only remain significant for those in response group and not remission, defined as 

lower than cut off (<=7 on 17-item HAMD scale, <=10 on 24-item scale and ≤12 on MADRS) at their 

end point assessment. The authors explain this may be due to a type 2 error, meaning an incorrect 

rejection of a null hypothesis (Kok, Nolen & Heeren, 2012).  

 

Antidepressants may not be as efficacious in older age groups though (Tedeschini et al., 2011). Short 

term use of an SSRI in LLD of up to 8 weeks, may not provide any benefit to LLD, when compared to 

placebo (Tham et al., 2016). Tham et al., (2016) reported that duloxetine, an SNRI, was superior in 

both response and remission but has an increased side effect profile (drowsiness, sickness, 

headaches, dizziness, and bowel disturbances). The number of studies included in response and 

remission is small (response group n= 2 studies, n = 352 active treatment, n= 247 placebo; remission 

group n = 3 studies, n = 549 active treatment, n= 342 placebo) and the quality of these studies were 

rated as low or moderate and as such, authors state that the results were provisional (Tham et al., 

2016).  

 

Baseline-severity predicted symptom improvement in mixed-age meta-analysis, with the 

effectiveness of antidepressant improving with increased baseline severity (Fournier et al., 2010). 
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However, an increase in mean change in HAMD is not found in LLD in response to antidepressants 

(Locher et al., 2015). This was likely because there were large placebo responses particularly after 

short illness.  The inclusivity of a wide range of severity types (mild, moderate, severe) extends the 

current literature and contrasts to mixed-age meta-analysis that focuses on severe baseline markers 

(Locher et al., 2015). However, those with long duration do see severity as a moderating factor 

(Nelson et al., 2013). 

 

Medication can become problematic specifically for this age group, experiencing side effects such as 

anticholinergic side-effects, anxiety, diarrhoea, nausea, dizziness, insomnia among others (Krause et 

al., 2019), or contra-indication to other treatments (Alexopoulos, 2011) may limited choice and 

endorse the rationale for those who may not wish to take antidepressant treatment. Primary care is 

often the preferred route of treatment sought for those with LLD (Unützer et al., 2003). However, 

there is a high non-adherence rate to antidepressant treatment for those with LLD who are treated 

in primary care, with a range of 11%-21% not starting recommended treatment, 12%-16% had a 

suboptimal prescribed dosage and 33-38% discontinuing treatment before it was recommended, 

however reasons for non-adherence were not discussed (Gum et al., 2006; Holvast et al., 2019). 

Whilst new medications are being investigated for MDD, often dedicated studies for this age group 

do not occur in parallel and there is a clear divergence in current research designed for older adults 

when assessing new antidepressant treatment or other novel modes of treatments (Patel et al., 

2017).  

 

Psychological therapies for LLD 

There is good evidence that psychotherapy is an effective treatment for LLD and may be preferable 

specifically for this group (Unützer et al., 2003; Huang et al., 2015). However, a meta-analysis 

(Cuijpers et al., 2006) reported no significant differences between psychotherapy and antidepressant 

treatments, with a large effect size (0.72).  
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Holvast et al., (2017) address non-pharmacologic treatments provided in a primary care (cognitive 

behaviour therapy (CBT), exercise, and other (CBT-based bibliotherapy, problem solving therapy, 

bright-light therapy, and behavioural activation)) and community setting (CBT, bibliotherapy, life 

review, exercise, problem solving and other therapies: cognitive therapy, behaviour therapy, and 

brief psychodynamic therapy, as well as receiving postcards on depression). CBT intervention was 

highlighted as the main significant finding in primary care, with individual therapy more successful 

than group therapy. Bright light therapy showed some promise as an effective treatment in primary 

care, though this would require replication before any suggestions for recommendations can be 

made (Holvast et al., 2017). Among the reviewed treatments, life review therapy has some 

optimistic potential, which is a form of structured group therapy that addresses different life themes 

(Korte et al., 2012). When compared to care as usual, life review therapy as a treatment for 

moderate LLD was effective after the initial treatment but also at a 3 and 9 month follow up, post 

treatment. There were 2 moderating factors found, higher levels of extraversion and lower levels of 

boredom reduction found an increased benefit from the treatment (Korte et al., 2012).  

 

CBT based interventions were statistically significant more effective as compared to active 

(education groups) and inactive (waitlists) control conditions (Thomas et al., 2018). A moderate 

effect was found when CBT intervention was compared to the combined controls groups, but a small 

effect was found for active control group comparison and large effect for inactive control 

comparison. Significantly lower symptoms of depression were seen at follow up after CBT based 

intervention across both comparison groups and suggest there may still be some benefit to have 

specific CBT based interventions in the active control group where the effect was small. Cognitive 

therapy performed best in subgroup analysis with large effect size and the worst performing was 

behavioural activation; behaviour therapy, problem solving therapy and CBT had comparable 

moderate effect sizes. Using clinician-based assessment tools (HAMD), larger effect sizes were 
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observed when compared with self-report tools (Beck Depression Inventory (BDI) and Geriatric 

Depression Scale (GDS)). The BDI showed the smallest effect which could be due to inclusion of 

somatic symptoms that are reported in higher frequency in this age group. Moderators include 

community intervention offering a moderate effect, and suggestive there might be more chronic or 

severe patients in clinical environments. Analysis using outcome (completers-only) was significantly 

higher than intention to treat analysis, a consideration for the interpretation of results. Meta 

regression showed gender, quality of the study and dropout rate were all predictive of the treatment 

outcome. Females had a higher percentage of overall effect than males; the higher the quality of the 

study to lower the effect size; those with lower dropout had higher effect sizes, with an association 

between dropout and gender, higher male ratio, showed higher dropout rates (Thomas et al., 2018). 

 

Third wave mindfulness-based CBT (acceptance and commitment therapy (ACT) and mindfulness 

based- cognitive therapy (MBCT)) also show a moderate effect size on depressive symptoms (g = 

0.55). ACT was significantly superior to control groups, which included waitlists and placebo 

psychology. MBCT was significantly superior to treatment as usual with both HAMD (weighted mean 

difference (WMD) = -4.31) and BDI scales (WMD = -7.33). It is noted there is more research required 

before these results are substantiated but shows promise for LLD (Kishita, Takei & Stewart, 2017). 

 

LLD often presents with co-morbid health concerns and reduced functioning potentially impacting 

on treatment effect. Problem solving therapy may improve depressive symptoms for this group 

when rated by a clinician using HAMD (mean dif= -4.94, 95% CI [-7.90, -1.98], Z=3.27, p=0.001), in 

the short term (Frost, Bauernfreund & Walters, 2019). 

 

The CASPER study offered a therapeutic approach, designed for subsyndromal depression as a 

preventative approach for more severe disease. This uses the idea of collaborative care methods by 

case managers (Gilbody et al., 2017) and may aid for those with co-morbid illness, involving 6 
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sessions over 7-8 weeks, 2 sessions were face-to-face and the remaining via telephone. At 4 months, 

PHQ-9 depressive symptoms were significantly lower in collaborative care group when compared to 

those who received care as usual (mean dif= -1.31, 95% CI [-1.95, -0.67], p=<0.01). Anxiety 

symptoms and health-related QoL outcomes were significantly better for collaborative care at 4-

month and 12-month reviews (Gilbody et al., 2017). 

 

Some limitations to the presented research might include few or low-quality studies (Cuijpers et al., 

2006; Holvast et al., 2017) and an over-estimation across psychotherapy for adults of all ages has 

been demonstrated (Cuijpers et al., 2010b). For LLD with co-morbid physical illness, there was also 

only limited evidence for effect on function and improving QoL, and further suggests collaborative 

care did not affect depressive symptoms (Frost, Bauernfreund & Walters, 2019). 

 

Both treatment options have their challenges within this age group and considering primary care as 

a preferred point of access for those with LLD, having novel treatments that can be accessed in this 

manner could be a principal factor (Hall & Reynolds III, 2014). Whilst there are some impressive 

results for the treatment of LLD, it appears limited to variations of CBT and require confirmatory 

research. In addition, any psychological therapy options often come with long wait times due to high 

demand in services (Trusler et al., 2006). 

 

2.2 Transcranial direct current stimulation 

Neuroplastic, functional and structural changes found following TMS may identify tDCS as potential 

new treatment, as discussed in chapter 1, p. 31. Bhandari et al., (2018) used a paired-associative 

stimulation (PAS) paradigm, a technique which can measure neuroplasticity with a single-pulse TMS 

protocol to induce MEPs. PAS protocol assessed associative plasticity and LTP, using TMS to induce 

MEPs as an indirect measure. Results showed PAS induced neuroplasticity was successfully reached 

in 68.8% in those with LLD and 47.1% of matched healthy controls. This did not reach statistical 
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significance (Bhandari et al., 2018). This differs to a previous study by Player et al., (2013), who 

found significant differences between ‘working age’ depressed group and healthy controls. Some 

differences to consider, first were ‘working age’ group baseline severity assessment was higher, at 

moderate rating (Bandhari et al., 2018 baseline scores: MADRS ≥15, Player et al., 2013 baseline 

scores: MADRS ≥20). The authors highlight nerve conduction timings, which can slow in aging, may 

act as a factor to consider to accurately representing PAS plasticity assessment and an inability to 

distinguish the neurophysiological profile of LLD from normative aging, an identified limitation of the 

study. Further, around one third of older group were taking antidepressant medication (n=16) which 

can also facilitate neuroplasticity. The remaining were not on antidepressant medication (n=31) but 

no group differences were observed (Bandhari et al., 2018). 

 

Current research of tDCS in the older population 

Current tDCS research in the context of adult participants show overall good levels of efficacy and 

acceptability for major depression (Mutz et al., 2018; Moffa et al., 2020; Razza et al., 2020). However, 

there is a limited research basis for tDCS in LLD, with no known randomised control trials dedicated 

to LLD and tDCS addressing the efficacy of tDCS as a treatment.  

 

Of those that have included older participants within their studies, tDCS has been reviewed for 

cognitive effects. Remitted patients aged 60 and over were assessed in working memory and global 

cognition at 14 days and 90 days post remission. No improvements were seen in either working 

memory or global cognition when compared with placebo (Kumar et al., 2020). Similarly, on 

reviewing cognitive effect of tDCS in depression, Brunoni et al (2016b) found no significant effects, 

though post hoc tests showed older adults improved more than younger participants on TMT-A, 

again with non-significance (Brunoni et al., 2016b). In a further tDCS study by Brunoni et al., (2014) 

with combined cognitive control therapy (CCT), depressive symptoms were ameliorated by both CCT 

only, with CCT and tDCS combined, and are in line with previous results (Segrave et al., 2013). 
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Interestingly, there is a suggestion that combined CCT and tDCS may be beneficial for ‘older adults’ 

(aged 65 and over; Brunoni et al., 2014), though they have defined this age group as over 50 years. 

Both CCT and combined treatment (CCT and tDCS) improved depressive symptoms with a superiority 

for the combined therapy. Results vary across studies that include participants aged 65 and over, 

with some showing a significant difference in mood scores (Boggio et al., 2008; Loo et al., 2010; 

Brunoni et al., 2013b; Loo et al., 2018), some more modest (Loo et al., 2012), and without 

significance (Palm et al., 2012).  

 

Providing an alternative to the currently available options, tDCS has some clear benefits for patients 

such as the potential to increase adherence to treatment, reduce drop-out, provide an option with a 

less distressing side effect profile and alleviating the burden on psychotherapy services. Meta-

analyses including all ages show promising results and considerable potential for tDCS as an 

antidepressant treatment, as noted in chapter 1.  

 

However, there has not been any meta-analysis of current research to address efficacy and 

acceptability in LLD and subsequently, what the effect would be in LLD remains unclear. This study 

investigates efficacy and acceptability using meta-analyses techniques, to assess IPD of LLD, 

extracted from randomised sham-controlled trials. 

2.3 What is a meta-analysis? 

Meta-analysis is a systematic process for synthesising findings from independent research studies 

and is done by calculating an absolute effect of what is being measured (Shorten & Shorten, 2013). 

The term ‘meta-analysis’ was coined by statistician and social psychologist, Gene Glass (Glass, 1976). 

In the 1970’s, an increase in statistical methodology, particularly blending multiple studies and single 

studies were found to have difficulties detecting modest, though potentially clinically relevant 

differences in treatment, for example type I & II errors (Egger & Smith, 1997). The use of meta-
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analysis in MDD research is as old as the term itself. An early meta-analysis including depressed 

patients was completed by Miller (1979) only a few years after the term was made, looking at the 

comparative effects of medication, psychotherapy and combined treatment of medication and 

psychotherapy. Hence, meta-analytic techniques were developed. 

Strengths of meta-analysis 

A meta-analysis is an objective review and synthesis of the available research, in comparison to 

narrative reviews which are often subjective both in the review and synthesis of the literature. Thus, 

it reduces bias and error to what and how data is added (Teagarden, 1989). Meta-analyses can be a 

cost-effective alternative to conducting large, and often expensive studies (Chalmers et al., 2014). 

Meta-analyses offer a transparent process and can be better positioned to answer questions around 

generality, such as if an intervention might vary across subgroups, men vs women, older vs younger 

age groups (Egger & Smith, 1997). There is currently no fixed rule on when you should consider 

doing a meta-analysis. Cheung and Vijayakumar (2016) suggest consideration of several questions; 

the first being is there enough research available to do a meta-analysis. There is no upper limit to 

how many studies should be included in a meta-analysis and while not recommended, there is 

potential to conduct an effective analysis with just 2 studies being included. However, this may be 

suggestive the research topic may not be mature enough and it may be of more benefit to allow for 

further studies to be conducted as there may be some criticism from the research community that 

the meta-analysis is not robust enough. The second question of how critical is the data required for 

the subject area, is it important and urgent? If the answer supports significant importance and 

urgency, authors should offer their rationale to contribute to the literature, and this may provide 

some further insights into the converging points of the topic area (Cheung & Vijayakumar, 2016).  

 

Limitations of meta-analysis 
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There are some potential limitations to meta-analyses (Patel & Bajaj, 2017): 

1) Including low quality research papers. There is a standardised assessment published via 

Cochrane handbook for systematic reviews of interventions (Higgins et al., 2011). Here there 

is discouragement of using quality scales because evidence suggested that using certain 

scales of quality assessment created a bias towards certain effects due to the lack of an 

underpinning theoretical framework. A merge of competing concepts arose during the 

assessment of ‘quality’ such as bias, applicability, ethics among others (Jüni et al., 2001) and 

resulted in the development of Cochrane risk-of-bias (RoB) tool (Higgins et al., 2011), as 

documented above.  

2) A tendency to oversimplify results. This is a critical point which lies with the authors. It is 

important to represent the results as they are, even if they are complex. 

3) Results that disagree with published data. Whilst this is highlighted as a limitation. It may 

also offer the authors a position to review the dataset, methods of analysis and provide 

critical insight which adds to the literature.  

2.4 Conducting the meta-analysis 

Principles and procedures to ensure a ‘well conducted meta-analysis,’ include a systematic review, 

selecting studies and performing an analysis using the latest guidelines. Prior to any form of analysis, 

a systematic review of the literature is conducted which includes formulating a question, developing 

an a priori protocol and eligibility criteria, and a literature search of databases (Berstock & 

Whitehouse, 2019). When selecting the research studies to include, the ideal studies would be those 

who have appropriately randomised participants with blinding measures in place and include all 

participants initially included in line with intention to treat protocol (Lefebvre et al., 2021).  

The Preferred Reporting for Systematic Reviews and Meta-Analyses (PRISMA) guidelines provide the 

minimum set of guidelines for reporting systematic reviews and meta-analysis in a transparent way, 
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including why it was conducted, how it was completed and what was found in the review or analysis. 

The purpose is to improve the reporting of systematic review and meta-analysis. PRISMA provide a 

statement and accompanying 27-item checklist to ensure a standardised approach to outlining why, 

how, and what (Page et al., 2021; Møller & Myles, 2016). 

Quality 

Quality in research can be referred to as rigour. This can be defined as the amount to which 

researchers have extended the quality of the research being conducted. Quality is then measured 

through the validity and reliability of the research. Validity and reliability are defined as the extent to 

which researchers have accurately measured a concept and instrument, respectively (Heale & 

Twycross, 2015).  

Another rationale to use PRISMA guidelines relates to the significant improvement of the quality of 

meta-analyses that have been performed since their introduction (Panic et al., 2013). These 

improvements may be borne out of the increased quality seen across randomised trials following 

Consolidated Standards for Reporting Trials (CONSORT) guidelines. CONSORT provide standardised 

guidelines for parallel randomised control trials to ensure the design, conduct, analysis and 

interpretation, and validity of the results are adhered to and transparent (Schulz, Altman & Moher, 

2010). This also ensures high-quality RCTs are then inducted into a meta-analysis (Rennie, 1996; Han 

et al., 2009). In addition to this, and specific for meta-analyses is an open-access prospective, 

international web-based register for systematic reviews called PROSPERO (Booth et al., 2012). The 

web-based register allows a sole source database of all systematic reviews that are occurring 

internationally, increasing transparency of methods prior to beginning the analysis, promoting high 

methodological standards, and reducing duplation of topics and potentially wasting finite resources 

(Davies, 2012).  

Bias 
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There are different forms of bias which can be highly problematic to meta-analyses as this can 

threaten the quality and validity of the analysis. Publication bias is a statistical interest in meta-

analyses. Well recognised and discussed, publication bias relates to decisions around how data is 

published. For example, a treatment may show effect as only significant results are published, 

whereas those that do not have effect are not published. This create a bias in publication 

(publication bias) and a mild level of publication bias presence has been found within psychology 

(Van Aert et al., 2019). While publication bias is the bias most recognised, it is noteworthy to 

mention other forms of bias such as location bias, as locally reported studies may be published in the 

local language, thus limiting a search to ‘English language only’ could introduce bias (Moher et al., 

1996). Multiple publications can add further bias, as significant results are at a higher likelihood of 

being published, it could also mean there is a higher likelihood of duplicate data and thus being 

included in a meta-analysis (Easterbrook et al., 1991). There are specific tools available to assess and 

report for bias found in the publication and a chapter laid out in the Cochrane handbook for 

systematic reviews of interventions, Chapter 7 (Boutron et al., 2021). Cochrane risk-of-bias (RoB) 

tool (Higgins et al., 2011) is an example of assessing bias and validity. Bias can also be addressed 

using a funnel plot, significance in an Eggars test can identify bias (Egger et al., 1997).  

Individual-level participant data  

IPD is one method of conducting a meta-analysis. It involves contacting authors to collect the data of 

each participant across each study that meets a specified criteria and these raw data are then 

included together in the meta-analysis. Advantages of IPD meta-analyses over aggregate meta-

analyses include increased ease with controlling eligibility criteria more precisely by allowing for raw 

scores and increased sensitivity and specificity, and identifying data sets which may be overlapped or 

duplicated more easily; statistical analysis can be standardised across studies and the use of more 

appropriate or advanced methods such as using one-step analysis which can increase the power of 

the study; meta-analytical results for specific subsets can be achieved such as differential treatment 
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effects across groups which can reduce heterogeneity (Riley, Lambert & Abo-Zaid, 2010; Debray et 

al., 2015).  

 

Standardised Assessment Measures  

Standard measures to assess the severity of depressive symptoms are typically used in randomised 

controlled trials. Managing symptom severity has been a consistent goal in research. Though 

historically there was not standardised measures which meant up until late 1980’s and early 1990’s, 

large inconsistencies were seen in research for depression (Prien, Carpenter & Kupfer, 1991), with 

the use of an operational criteria to evaluate and describe the change of symptom severity, whereas 

others used outcome categories such as scales like the HAMD (Hamilton, 1961) and MADRS 

(Montgomery & Åsberg, 1979). These are example assessment scales used across age groups, 

including for LLD, to assess if an antidepressant treatment has efficacy. Despite each scale 

addressing different symptoms, they are highly comparable for LLD (Heo, Murphy & Myers, 2007). 

There is a challenge particularly in accuracy, when attempting to compare and combine studies using 

different scales, such as signalling questions, unit measurements or direction. If the construct is the 

same, in this case – depression severity, it is possible to pool the results and convert these scores 

(Murad et al., 2019). 

Definitions for outcomes were proposed by Frank et al., (1991) for response, remission, relapse, 

recovery, and recurrence. This provided uniform terminology and enabled more useful comparisons 

for different clinical trials (Keller, 2003). These are categorical measures and are defined as a binary 

measure of either meeting the threshold. For example, in 17-item HAMD, remission would equal to 

a score of ≤ 7, a period for ‘full remission’ would be ≥ 2 weeks but less than 6 months, and those 

with ≥ 6months would be considered in recovery (Frank et al., 1991). Though, these can appear to 

vary depending on the version of the form you might use, all ‘cut off’ ranges equate to the 17-item 
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HAMD. Across versions, ‘cut off’ ranges from score of 12 – 6 or less for HAMD versions, or a score of 

15 -8 or less for MADRS for example (Mulder, Joyce & Frampton, 2003).  

When defining remission, for 17-item HAMD, a score of 7 or lower has been accepted as the cut-off 

for remission (Frank et al., 1991; Zimmerman, Posternak & Chelminski ,2004). Zimmerman et al., 

(2006) found self-report symptoms and psychosocial function are highly correlated, 17-item HAMD 

≤7 allows for some residual symptoms to be present and there may be other factors that could be 

considered in terms of remission such as personal ability to cope, general well-being and positive 

attributes like optimism and self-confidence. Whilst there has been demonstration that having a 17-

item HAMD of ≤ 7 means it would be improbable that one would be in a depressive episode, it might 

be symptoms may continue to feel problematic for the patient (Zimmerman et al., 2006). Similarly, 

having a hard cut-off such as 17-item HAMD ≤7 will inevitably mean those very reaching the 

definition are discounted, yet may be assessed as clinically remitted. 

An alternative means of measuring treatment outcome is the continuous measure of percentage 

improvement. This is typically measured as a 50% improvement from the baseline measure to end 

point and an empirical approach to using groups of responders and non-responders can be achieved 

(Mulder, Joyce & Frampton, 2003). Though this approach comes with the same challenges for 

reaching cut-off not being included. As a measure, it takes into consideration the baseline and can 

demonstrate the improvement over time without those who may have reached remission stage. This 

is particularly important within the older age group, where they are harder to treat or may have 

longer periods of depressive episodes (Wu, Schimmele & Chappell, 2012). This might be addressed 

by looking at the improvement along with number of sessions to see if a longer course has a 

differing effect compared to shorter treatment courses.  

 

Statistical models 
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There are two main statistical models to analyse effect sizes, using fixed or random effects models. 

There is an important distinction between these two models. A fixed effect model will assume a 

priori that the population value is homogenous (the same across all studies), whereas there are 

allowances for variation in study parameters within a random effects model (Hunter & Schmidt 

2000). It has been found that results depend on which model is used. Both methods can experience 

a type 1 error (a false positive result), though using random effects found the error rate risk falls 

within an appropriate margin (5% for the designated alpha 0.5), fixed effects can have higher values 

if the population parameters vary across the studies (Hunter & Schmidt 2000; Schmidt, Oh & Hayes, 

2009). Heterogeneity is used in the decision on which model to use. The absence of heterogeneity, 

fixed effect model will be used. If heterogeneity is present, a random effects model can be used. 

However, if the heterogeneity is significant, a meta-analysis should not be performed (Egger, Smith 

& Phillips, 1997; Borenstein et al., 2010).  

The effects are called the summary estimates, where the outcome specified in an analysis is 

extracted from different studies and pooled together as an average effect size index (i.e., odds ratio 

– OR, relative risk – RR, weighted mean difference – WMD, standardised mean difference – SMD). 

 

Choosing the right approach: Frequentist vs Bayesian  

The Bayesian approach provides a conditional probability using Bayes Theorem. Bayesian inference 

is based on the prior and posterior belief distribution. In the case of no established priors, 

‘uninformative’ priors are determined. Then, it can establish parameters and models (parameters 

are factors in the models which affect the observed data; models are the mathematical equation of 

observed events). In a frequentist approach, 2-step approach will use independent analysis such as a 

linear regression model to produce aggregate data. The aggregate data will then be synthesised into 

the meta-analysis. This differs in Bayesian 1-step approach, including the ability to complete more 
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sophisticated analyses of the data. The data from all individual participants are analysed 

concurrently under one assumed model (such as applying fixed or random effects). This occurs while 

the participants are clustered to their trial (Carlin, 1992; Riley, Lambert & Abo-Zaid, 2010). 

 

Software 

There are several options of software for meta-analysis, which is how the analysis is performed and 

as such is informed by the analysis that is undertaken. One of the most subscribed packages are with 

STATA. Though, if looking for open access sources, R (Metafor, R package v2.4-0; Viechtbauer, 

2010) offers an advantage in accurately reporting the process of analysis. There are also published 

guidance for conducting such analyses (see Beath, 2016; Balduzzi, Rücker & Schwarzer, 2019). This 

provides a step-by-step process on how to conduct the meta-analysis. For those who may be new to 

meta-analysis and require a simpler user interface, Cochrane collaboration offer Review Manager 

(Rev Man, 2014), which also provide step-by step guides and online training literature. 

 

Describing the results 

Once data is collected and processed as defined by the parameters of the meta-analysis and before 

running the meta-analysis in the software, descriptive analysis can be conducted. This involved using 

text to describe results and findings. The flow is described using PRISMA guidelines, this would 

include how many databases were used and reviewed, how many abstracts and journals were found 

and reviewed. A description of the characteristics of the meta-analysis data found can also be added, 

such as the population, protocol and parameters of interventions and placebo measures. At this 

point authors decide whether the data collected can be used for meta-analyses (Muka et al., 2020; 

Page et al., 2021). 
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Statistical results: Effect size, means and probability. 

The effect size is calculated to demonstrate the size of the difference between two groups; in a 

meta-analysis, the author combines and compares the estimated effect size. 

For example, a calculation of Cohens d effect would look like this: 

Effect size = [experimental treatment] – [control treatment]
 

Standard deviation 

 

The estimates are presented with 95% confidence intervals. Confidence intervals (Cis) are the margin 

of error and calculated to assist with interpreting the result or significance of the effect size.  Both 

heterogeneity and effect sizes can be presented in forest plots. 

Recognised statistical techniques address differences in the study such as the sample size, variability, 

and the findings of each study. A categorical end point will be reported by an odds ratio (OR) or 

relative risk (RR). They are both acceptable measures of effect though they represent different 

concepts. OR represents the ratio of two different odds and relative risk is the ratio of two 

probabilities. Whereas a continuous end point would be reported as the difference of means 

between treatment and control groups (Egger, Smith, & Phillips, 1997). Continuous measures (i.e., 

severity of depression) require standardised measure such as SMD or ratio of means (ROM) before 

being pooled into a meta-analysis. These can be transformed to both relative and absolute measures 

such as risk relatives, or differences or odds ratio (Murad et al., 2019). There is a requirement for the 

studies included in meta-analyses to have a standardised outcome measure to allow for 

comparisons. 
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Bayesian approaches take into consideration prior and posterior data information combined as 

probability distributions and draws an inference as a probability. As such a 95 % credible interval 

would suggest “95% probability that the population value exists within the limits if the interval” (van 

de Schoot et al., 2014, p. 844). 

 

Heterogeneity  

Heterogeneity shows how much variation there is across the studies. The importance of 

heterogeneity is shown in its guidance on whether results can be combined and assist in the choice 

of effects model to be used. Heterogeneity can occur at several levels across any stage of the 

research process (study or population characteristics, methods, and differences in analyses) and is 

mostly conducted by using Cochranes Chi squared test (Cochrane’s Q) which assumes a null 

hypothesis that all studies examine the same effect but does not always accurately identify 

heterogeneity. An alternative is to use Higgins I², this represents the percentage of variance between 

the sample estimates because of heterogeneity (Ioannidis, Patsopoulos & Evangelou, 2007). The 

index of heterogeneity is indexed by (I²), whereas the chi squared test will reported as (X²) if this is 

statistically significant (Higgins & Thompson, 2002). More typically, Cochrane’s Q is used as a non-

parametric test (Burke, 1998). If heterogeneity is found, an attempt to explain it should be made 

(Bailey, 1987; Egger, Smith & Phillips, 1997). 

 

Forest Plots 

Forest plots are the way the results are presented. The title of the forest plot will inform the reader 

what data has been reviewed (i.e., OR outcomes for tDCS in depression). Below the title will show a 

list of titles contributing to the analysis, most typically in alphabetical order, occasionally 

chronological order. The mean standard deviation and n data for treatment arm then placebo arm 



 
 

90 
 

for each trial will follow and a contribution percentage will be present to show the level of 

contribution each study has in the analysis, finally the weighted mean difference (WMD) with 95% CI 

and a pictural representation as a diamond represent this number on x-axis (Lewis & Clarke, 2001). 

 

Summary 

This section has provided a summary understanding of what a meta-analysis is and how to conduct 

on using evidenced based methods, touching on strengths and weaknesses. From quality, statistical 

models to standardised assessments and choosing the right approach to unsure the data collected is 

analysed in the most appropriate way to answer the research question. This next section will present 

the research questions and hypotheses. It will go on to present the materials and methods, results, 

and discussion.  
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2.5 Research Questions 

In this section, the research questions are presented, IPD were extracted from randomised sham-

controlled trials to examine the efficacy and acceptability of tDCS. The results will be presented using 

meta-analyses techniques. 

 

Research Question 1 

Is active tDCS over DLPFC efficacious in LLD compared to sham, as measured by an improvement of 

depressive symptoms? 

Hypothesis 1: Active tDCS over DLPFC will improve symptoms associated with LLD compared to sham. 

  

Research Question 2 

Is active tDCS over DLPFC considered acceptable in LLD, when compared with sham tDCS? 

Hypothesis 2: Active tDCS over DLPFC will be considered acceptable in LLD compared to sham 

conditions. 
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2.6 Materials and Methods 

Systematic review 

This meta-analysis follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

of Individual Participant Data (The PRISMA-IPD statement; Stewart et al., 2015) and supported by 

PRISMA 2020 statement: an updated guideline for reporting systematic reviews (Page et al., 2021). 

The meta-analysis has been registered on PROSPERO (CRD42019137488). 

 

Two authors (KJ and RR) performed independent literature reviews under supervision (CF). Any 

differences were resolved by consensus. We systematically searched PsychSource (EBSCO), Medline 

(PubMed) and PsychINFO (EBSCO). We searched for articles from the first date available to 20 

October 2021.  

 

Search criteria were: ((“bipolar disorder” OR “bipolar depression” OR “major depression” OR 

“unipolar depression” OR “unipolar disorder”) AND (“transcranial direct current stimulation” OR 

“tDCS”)) in all fields.  

 

Inclusion criteria were: (1) adults aged 65 years of age or older; (2) a DSM or ICD diagnosis of MDD 

or bipolar disorder currently experiencing a major depression episode; (3) randomised, sham-

controlled trials of tDCS, which used a parallel-group or cross-over design; and (4) a clinician-

administered depression rating scale, such as HDRS (Hamilton, 1986) or MADRS (Montgomery & 

Åsberg, 1979). 

 

Exclusion criteria were: (1) a primary diagnosis other than MDD or bipolar depression; (2) studies 

limited to a specific subtype of depression (such as postpartum depression, psychotic depression, or 

dysthymia) or in which a major depressive episode was a secondary diagnosis (i.e. heart disease and 
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major depression), (3) co-initiation of any other form of treatment, such as pharmacotherapy or 

cognitive control training, and (4) the study not being published in English.  

Titles were reviewed to exclude studies not meeting the inclusion criteria, and remaining abstracts 

were examined. From abstracts meeting inclusion criteria, full-text articles were reviewed, and 

relevant studies carried forward for data extraction. Reference lists of review articles and included 

papers were checked for additional publications.  

 

The authors of the original studies were contacted to request a line-by-line IPD comprising of any 

information from (1), (2), (3) and (4) that was not provided in the published sources. Figure 1. Shows 

the flow diagram of identification, screening, and eligibility of included studies. 

 

Quality assessment  

Each trial was assessed for methodological quality, using a standardised checklist: the Cochrane risk 

of bias tool in Figure 2. (Higgins et al., 2011) that evaluates studies based on selection, performance, 

detection, attrition, and reporting biases (reported as low, high and unclear risk). 

 

Outcome measures  

 

The outcome measures were: 

(1) Categorical measures of clinical response defined as ≥ 50% improvement of clinical response 

from baseline to end point for each study 

(2)  Remission, defined as MADRS ≤10, HDRS-17 ≤7, HDRS-21 ≤8 or HDRS-24 ≤9 at end point, 

according to standardised criteria (Keller, 2003; Rush et al., 2003; Zimmerman et al., 2004). 

(3) Continuous measure of depression improvement, estimated as the difference in z-scores (a 

measure for standardising each result) from baseline to endpoint. 
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(4) Acceptability (number of participants who dropped out in the active and sham groups at 

endpoint). 

 

The primary outcome scale was used to measure depression score change over time, regardless of if 

the study used more than one scale. For crossover data, only data from the parallel (between-

participant) phase was used. Analyses used the last observation carried forward (LOCF) for imputing 

missing data. 

 

2.7 Data Analysis 

Descriptive results include the baseline variables, using mean and standard deviation for continuous 

variables and rates for categorical variables. Individual participant data will be analysed. Trial-level 

and participant-level characteristics of included studies have been described. Advice was sought 

from a statistician (SC) and a one-stage hierarchical statistical model (or Bayesian multi-level 

modelling) was used to synthesise all data, as described in 16.8.2 of Cochrane Handbook for 

Systematic Reviews of Interventions. This will allow meta-regression and co-variate analysis. Specific 

statistical software was used for this task (R Core Team, 2018 found at: R: The R Project for Statistical 

Computing (r-project.org)). There are different analysis techniques for continuous outcome data 

(Higgins et al., 2001) and binary data (Turner et al., 2000). Statistical heterogeneity will be evaluated 

(ꭓ²). 

 

The Bayesian one-step approach has been chosen to analyse the data. As a well-accepted approach 

for this form of analysis, the benefits over a two-step approach are increased control of factors 

around study eligibility and added flexibility for several extensions. There are many advantages to 

using this method; one relates to increased power and sensitivity to detect treatment effects and 

treatment-covariate interactions, by allowing testing of different assumptions about model structure 

and adjustment for multiple covariates. A second advantage arises from the capability to gain 

https://www.r-project.org/
https://www.r-project.org/
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deeper insight into the data. Finally, an ability to control for aggregation bias. Statistical expertise is 

advised for this approach as there is an added computational complexity that allow for the potential 

advantages when compared to a more traditional two-step or frequentist approach (Stewart et al., 

2012; Turner et al., 2000; Fisher et al., 2011; Bowden et al., 2011). 

 

In a multi-level meta-analysis, at level 1: observed overall effect size, variances, and distribution. 

Level 2 will address variance between-studies, can explore the moderating effect of characteristics 

of studies (such as treatment resistance, number of sessions and duration of illness), if there is 

significant variance, multi-level model can allow for mixed-effects analysis; Level 3 will address 

variance between groups of studies (Van Den Noortgate & Onghena, 2003). This can be achieved by 

using e.g., random effects regression model, log odds ratios, maximum likelihood or restricted 

maximum likelihood estimations and likelihood ratio test (Bryk & Raudenbush, 1992) 

 

2.8 Results 

A total of nine papers met the inclusion and exclusion criteria consisting of fourteen independent 

participant samples in six studies. Three papers did not respond to requests for data.  Six studies 

included (Brunoni et al., 2013b; Brunoni et al., 2017; Loo et al., 2010; Loo et al., 2012; Loo, et al., 

2017; Palm et al., 2012) (Figure 1). Table 2. Summary of the included studies gives an overview of the 

study characteristics and tDCS parameters of each study included in the analysis. 

 

For the continuous outcomes (depression scores), the standardized mean difference was calculated 

and the corresponding pooled standard deviation for each group. The Hedges’ g was used as the 

measure of effect size.  
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For categorical outcomes (response rate, remission rates, and adverse events), the odds ratio (OR) 

was used as the measure of effect size. 

 

 

Figure 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of 

databases and registers only 
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(n = 4262) 

Records excluded** 
(n = 4247) 

Reports sought for retrieval 
(n = 15) 

Reports assessed for eligibility 
(n = 15) 

Reports excluded: (n=6) 
 
• Not randomised sham-controlled trial (n=3) 
• Duplicate data (n=1) 
• Depression not primary diagnosis (n=1) 
• Did not meet age criteria (n=1) 
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The following demographics and clinical information were extracted:  

sample size in each group sample size, age, gender, years of education; depression 

characteristics (illness duration, baseline severity scores and end point scores; use of 

antidepressants; degree of refractoriness; scales, interviews and checklists used for 

depression diagnosis).  

 

The total sample was total n = 43 tDCS patients, mean age ± SD, 69.28 ± 4.22 years; n = 23 sham 

control tDCS, (22 females (51%), with unipolar depression (n=33) or bipolar depression (n=10). Table 

3. Clinical and Demographic Characteristics of included IPD gives a study-by-study breakdown of the 

demographic information.  

  

For two studies that had a concurrent treatment arm, only tDCS and sham/placebo were selected 

(Brunoni et al., 2013b; Brunoni et al., 2017). Most participants were considered treatment resistant 

(n=27, 82%; Palm et al., 2012; Loo et al., 2012; Loo, et al., 2017). 

 

The primary tool for measurement of depressive symptoms in the studies were MADRS (n = 4 

studies, n = 29 participants; Brunoni et al., 2013b; Loo et al., 2010; Loo et al., 2012; Loo, et al., 2017), 

17-item HAMD (n = 1 study, n = 7 participants; Brunoni et al., 2017) and 24-item HAMD (n = 1 study, 

n = 7 participants; Palm et al., 2012), as noted in Table 2. 

 

The mean number sessions: 18.2 (range: 5-22); with anodal (F3) and cathodal (F4/Fp2/F8) positions, 

electrode size (25cm² or 35cm²), current (mean 2.1mA, median 2mA, range 1-2.5mA) and density 

(mean 0.056, range 0.029-0.080), as noted in Table 2.  
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Cochrane Risk of bias showed high quality across all studies and a low risk of bias. (Figures 2 & 3).  

 

Figure 2. Cochrane Risk of Bias Graph 

 

 
 

Figure 3. Risk of Bias Summary 
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Table 2. Summary of the included studies 

 Study Characteristics 

Study  Palm et al (2012)  Loo et al (2010) 

 

Loo et al (2012)  Loo et al (2017)  Brunoni et al (2013b)  Brunoni et al (2017)  

Study design RCT, crossover RCT RCT RCT 2-arm RCT 3-arm RCT 

Main inclusion MDD MDD MDD ≥3 years MDD MDD, low suicide risk, 

AD free 

MDD 

Depression cut off HDRS-24 ≥ 18 MADRS ≥ 20 MADRS ≥ 20 MADRS ≥ 20 HDRS-17 ≥ 17 HDRS-17 ≥ 17 

Bipolar disorder Excluded Excluded Allowed Allowed Excluded Excluded 

Main exclusion criteria Other Axis I disorders, 

suicidality, neurological 

disorders 

Other Axis I 
disorders,  
Failure of ECT, 
neurological 
disorders 

Other Axis I disorders, 

ECT failure, neurological 

disorders 

Other Axis I disorders, >3 

failed meds, ECT failure, 

neurological disorders 

Other Axis I disorders, 

Axis II disorders, 

neurological disorders 

Other Axis I disorders, 

Axis II disorders, 

neurological disorders  

(Anxiety not excluded) 

Primary outcome measure HDRS-24 MADRS MADRS MADRS MADRS HDRS-17 

Age range, years 36-79 18-65 23-78  18-81 18-65 18-75 

Total Sample Size (n) 22 40 60 130 120 245 

tDCS Device Stimulation 

Characteristics 

      

Device Eldith DC Eldith DC Eldith DC Customised device Chattanooga Lonto 

device 

Soterix device 

Anode 

 

F3 pF3 pF3 F3 F3 F3 

Cathode FP2 RSO F8 F8 F4 F4 

Frequency, No sessions 10 5  15 20 10 22 

Weeks, stimulation 2* 2 3 4 4 10 

Current density 0.28-0.57 0.29 0.57 0.83 0.8 0.8 

Session duration (mins) 20 20 20 30 30 30 

Total charge (mA) 1-2 1 2 2.5 2 2 

(AD= antidepressant, HDRS = Hamilton Depression Rating Scale, MADRS = Montgomery-Åsberg Depression Rating Scale; all studies completed an intention-to-treat analysis, *crossover +2) 
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Table 3. Clinical and Demographic Characteristics of included IPD  

(*unipolar disorder, **bipolar disorder) 

  

 
  Clinical and Demographic Characteristics 

Study  All patients Palm et al (2012) 

 

Loo et al (2010) 

 

Loo et al (2012) 

 

Loo et al (2017) 

 

Brunoni et al 

(2013b) 

 

Brunoni et al 

(2017) 

 

Size (f) 43 (22) 7 (5) 1 (0) 5 (2) 19 (10) 4 (2) 7 (3) 

Age m(sd) 
 

69.3 (4.22) 70 (4.83) 65 70.2 (5.17) 70.4 (4.29) 65 (0.00) 68.3 (3.45) 

Age range 65-81 65-79 65 65-78 65-81 65 65-73 

Education m(sd)  16.72 (3.57) NR NR NR 18 (2.89) NR 14.3 (3.62) 

UP* (n) 33 7 1 4 11 4 6 

BP** (n) 10 0 0 1 8 0 0 

Medication (n) 15 7 0 1 5 0 2 

Duration, months  
m (sd) 

145.33 (151.48) 219.4 (110.57) 6 64 (81.28) 213.89 (166.00) 11 (9.42) 87.17 (169.68) 

Treatment resistant (n) 27 7 0 1 16 0 3 
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Depression scores reduced in both active tDCS (HDRS: -8.7 points; MADRS: -7.6) and sham tDCS 

(HDRS: -5.7; MADRS: -6.9). Response rates were 21.0% for active tDCS (4/19) and 16.7% (4/24) for 

sham. Remission rates were 10.5% for active tDCS (2/19) and 12.5% for sham (3/24).  

 

The analysis was conducted using Bayesian multilevel modelling for IPD of the 6 RCTs. Treatment with 

active tDCS was associated treatment with tDCS was associated with non-statistically significant 

modest reduction of SMD = -0.14 (95% credible interval [-0.44; 0.15]) on validated depression scale 

scores before and after treatment, relative to sham tDCS. 

 

Based on these SMD estimates, there is a probability that tDCS treatment reduces depression scores 

in older adults is 82% as a small effect (score change <0). 

 Sensitivity analysis using a two-step IPD frequentist meta-analysis with LOCF showed similar results, 

with tDCS treatment associated with a reduction of -0.12 (95% confidence interval [-0.34; 0.12]) 

(Figure 4). 

 

Figure 4. Forest Plot (Frequentist analysis) 
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Tests of heterogeneity  

Statistical heterogeneity was assessed by utilizing the I2 statistic and evaluated using the I² test (35% 

for heterogeneity) (Higgins et al., 2003).  

According to the studies heterogeneity, a random-effects model was used for conducting meta-

analysis for each outcome.  

 

Acceptability  

Most participants completed treatment (n=39; 90.7%). Discontinuation rates were 15.8% (3/19) for 

active tDCS and 4.2% (1/24) for sham tDCS, which was not statistically significant (OR = 4.3, 95% CI 

0.41- 45.28, p=0.31). 
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Figure 5. Funnel Plot of tDCS depression improvement 
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2.9 Discussion 

To our knowledge, this is the first individual patient level meta-analysis of the efficacy of tDCS in LLD. 

Individual participant data was collected across 6 RCTs, compiling of 43 participants. With regards to 

clinical response and remission, our findings also did not show any significant effects for active tDCS. 

Though there is a modest, non-null effect for improving depressive symptoms with tDCS. The main 

conclusion from this meta-analysis suggests there may some effect, however more research is 

needed. In particular an sham-controlled RCT focused on efficacy of tDCS in LLD. 

 

Efficacy of tDCS in LLD 

There have been no studies to date that focus on efficacy of tDCS in LLD only clinical groups. There 

are 2 case studies with results showing reduction of symptoms over time have been reported in of 

LLD samples (Palm et al., 2009; Shiozawa et al., 2014). Shiozawa et al., (2014) found a lasting effect 

after 3 weeks in a case-study. This case might be of interest as at aged 92 years; firstly, there are 

limited cases of old-old population within any tDCS studies; the participant presented with a current 

depressive episode, which was not treatment resistance and the depression did not seem to appear 

to be vascular in nature, however it is unclear whether this was a first episode in late-life or a 

recurrent episode. In either case, it may offer insight that whilst age does have a complex 

relationship with depression, tDCS may remain effective at any age and, in depression that is not 

treatment resistant (Mutz et al., 2018). How age and age of onset might impact on tDCS efficacy in 

LLD requires more research. 

 

Across the current literature, there are multiple meta-analyses that include old age groups within 

their sample such as a large meta-analysis (including n= 27 studies and n=1204 participants) by 

Zhang et al., (2021). This analysis used both continuous and categorical outcomes. It demonstrates 

active tDCS was superior in the modulation of depressive symptoms with significant effect (g = 0.46, 
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95 % CI 0.15−0.76) and when looking at active tDCS over sham tDCS for both in response and 

remission, active tDCS was superior but results were not significant (ORresponse = 1.75, 95 % CI 0.85–

3.58; ORremission = 1.29, 95 % CI 0.59–2.83; Zhang et al., 2021). There may be 2 rationales for this; not 

reaching the optimal current (2mA) and session length (30 min) may offer some explanation to why 

response and remission were non-significant, but treatment shows reduction in symptoms. The first 

explanation may be related to the sample was largely treatment resistant. Our findings are in line 

with results from those defined as treatment resistant within working age population (Blumberger et 

al., 2012; Palm et al., 2012), showing results were not significant in these clinical trials. It is now 

established treatment resistance is associated with reduced efficacy in predictor models (Brunoni et 

al., 2016a). 

 

Another explanation might relate to different variables across study results within the meta-analysis 

that vary from the optimal current (2mA) and session length (30 min). This may offer some 

explanation to why response and remission were non-significant, but treatment shows reduction in 

symptoms (Zhang et al., 2021). Specific tDCS parameters have been found as moderators to 

outcome, as well as possibly contributing as predictors (Meron et al., 2015). Instead, dose was 

identified as a significant and independent predictor, which could be calculated as a combination of 

the above two parameters. There is not currently any consensus on how to calculate, whether this 

be current, or number of sessions. It may be more feasible to increase number of sessions over 

stimulation level due to potential side effects (Brunoni et al., 2016a). Although many of the studies 

varied in tDCS current level, number of sessions and timing, there was no significant heterogeneity 

(Zhang et al., 2021).  

 

Other meta-analysis which included LLD within their samples show significant effect in clinical 

response and remission (Shiozawa et al., 2014; Razza et al., 2020).  Using a more conservative end 

point, depressive symptoms as a primary continuous outcome showed significantly improved in the 
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active tDCS group when compared to sham (Hedges’ g= 0.37; 95% CI 0.04–0.7), as well as a 

significant effect in categorical outcomes of clinical response, remission (Hedges’ g= 0.40; 95% CI 

0.07–0.73). The authors highlight that although parameters such as current level, number of 

sessions, dose do vary over time and across studies, this is not significant enough to alter results as 

their106artict size remains like that of an earlier meta-analysis (Shiozawa et al., 2014). This suggests 

and was confirmed a subsequent meta-analysis reviewing follow up data following tDCS treatment 

for an acute depressive episode, there is an established cumulative effect of tDCS, but the overall 

effect was modest (k = 13, g = -0.81, 95% confidence interval [CI]: -1.28; -0.34, I² = 84.0%; Razza et 

al., 2020).  

 

Additionally, continued improvement in depressive symptoms over time has been observed across 

adult age groups, (Brunoni et al, 2016a). Once tDCS treatment has finished, improvement has 

continued to be seen in follow up sessions for as long as 6 months post treatment (Razza et al., 

2021). This has been suggested as evidence that tDCS follows a similar mechanistic trajectory to 

antidepressant medications. And as such, the results seen in this meta-analysis may not be 

demonstrate the full potential effect of tDCS within the IPD scores that were available. Future 

studies looking at LLD should consider incorporating long term follow ups within their design.  

 

In terms of acceptability, there were a small proportion who did not complete, this could be 

reflected as an overall drop-out rate of 10%; (Active 15.8%; Sham 4.2%). However, rationale for non-

completion was not stated. Thus, this analysis was unable to capture the reasons for non-completion 

and this would be a consideration to incorporate for future research to see if this is a replicable 

effect across this specific age group, if there are differences between old and older old and to help 

understand the rationale for any differences found. Sekhon et al., (2018) propose that acceptability 



 
 

107 
 

of treatment is multi-faceted beyond all cause drop-out. Further, understanding acceptability in this 

framework can assist the success of future interventions.  

 

Strengths and limitations of analysis 

This is the first meta-analysis to address the efficacy of tDCS in LLD. It has been able to highlight a 

potential benefit for a subset of LLD by reducing the severity of symptoms experienced within this 

age group. Compared to an aggregate approach, using IPD meta-analysis techniques has allowed for 

precise estimates and were able to calculate the percentage improvement by transforming scores to 

z-scores and analyse this as an independent variable. There was a low risk of bias. The quality of all 

the studies included were high and this supports the validity of the results found in this meta-

analysis. A limitation is the small sample size due to the lack of sham controlled RCTs within LLD that 

have been conducted to date. This research is still in preliminary stages when looking at the 

treatment for the age group. It may support tDCS for LLD as a treatment for depression It is known 

that a small sample is likely to have low statistical power and thus lower chance of finding a 

statistical effect but also reduces the chance that statistical significance truly reflects the reported 

effect (Button et al., 2013). To mitigate both outcomes, the choice of analysis has offered increased 

power and sensitivity to detect treatment affects, treatment-covariate interactions and an ability to 

control for aggregation bias (Stewart et al., 2012; Turner et al., 2000; Fisher et al., 2011; Bowden et 

al., 2011). 

 

It is a balanced sample within categories of age and gender; including those 65-75 and the older old 

(75+), the small sample can be explained to an extent, as with older old less likely to consult mental 

health care (Crabb & Hunsley, 2006), and may in part contribute to a restricted sample because of 

the lack of access to research.  
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With increased vulnerability for female sex, it is very typical there is a higher proportion of females 

represented across depression research (Albert, 2015). Though supportive of incident being twice as 

high, when specifically looking at old age population, gender difference for the risk of depression 

tends to disappear (Luijendijk et al., 2008). However, there is an equal sex ratio in this sample (f:m = 

56%:44%). 

 

The small amount of available IPD is a limitation. This also highlights pressing need to further 

research in this age group and to consider factors that may uniquely impact this clinical group such 

as the impact of vascular risk factors, age of onset as well as potential tDCS moderators. TDCS has 

shown efficacy in those with a first episode or recurrent type disorder (Meron et al., 2015; Brunoni 

et al., 2016a; Mutz et al., 2018). This can be complicated by the above factors in this clinical group 

and as such, it may be beneficial to address these with future studies of LLD. A small sample also 

may mean there is a lack of generalisability and any future research to include older participants 

would strengthen the research base. Studies with a small sample size that are included in the meta-

analysis may create a sampling error, causing a bias across all effect sizes including the standardised 

mean difference, odds ratio, risk ratio, and risk difference to varying extent, though the mean 

difference was unaffected (Lin, 2018). Overall, each included sample had a considerable size in the 

original studies. However, this is worth considering given the IPD data has effectively taken a sub-

group sample from these and it is not clear whether this has significantly impacted the results.  

 

No data was available on the age of onset for any 108participants, as well as no historical data 

around social support. As presented in the introduction, there are some aspects that can be 

considered as part of the analysis such as age of illness onset, psychosocial risk factors and 

particularly for LOD neurobiological status. All these factors could affect the understanding of the 

effectiveness of tDCS within this age group. Further, it meant that these aspects were not able to be 

included into any moderator analyses, which might have provided insights into the findings. It would 
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be advised to include these in future studies. Co-morbid physical illness and level of burden were not 

assessed in the meta-analysis due to non-availability of data.  

 

Anxiety is a known factor in relapse and 15% had a co-morbid anxiety disorder. Andreescu et al., 

(2007) examined the effects of co-morbid anxiety on response and relapse, reported those with co-

morbid anxiety took longer to respond to treatment and had a higher occurrence of relapse 

(Andreescu et al., 2007), which undoubtedly is a factor within this subset. Both co-morbid anxiety 

and medical illness are highlighted as moderating factor in treatment outcomes for those with LLD 

(Lenze et al., 2001).  

 

Future directions 

Novel approaches to see greater effect are needed that extend beyond focal stimulation, or longer 

or more sessions. Specifically, for LLD, investigating current established treatments as potential 

concurrent treatment such as collaborative care might be of benefit. Any research to include 

potential moderating factors such as age of onset, biological history, psychosocial history, and co-

morbid illness would be well-judged. In addition to brain imaging and possible inflammatory 

markers, to allow for co-variate analyses of these factors, consideration for samples which include 

first presentations in late-life or recurrent episodes which have previously responded to treatments 

would be of great benefit to the research base. 

 

To address impacts on the depression course and efficacy, there is value in completing longitudinal 

assessment of tDCS beyond 6 months; most notably in this group, it would also aid monitoring for 

prodromal cognitive changes or development of vascular risk factors, in a prospective design. 

High definition tDCS (HD-tDCS) is a novel approach for this age group (Wong et al., 2019). HD-tDCS 

typically has a smaller surface area to provide a higher, more focal current density and is designed as 
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a 4x1 electrode montage. The treatment was for 2 weeks as an augmentation treatment with 

antidepressants. Not only did they find a satisfactory level of tolerability, marked by no dropouts, 

the team found a reduction in symptoms and severity and further found global cognitive 

improvement and verbal fluency (Wong et al., 2019). Due to limitations of a small sample (n = 15) 

and an open label pilot design, interpretation of the results is limited but this could mark a 

potentially promising treatment protocol for further future research, particularly in a randomised 

controlled trial (Wong et al., 2019).  

 

Concurrent tDCS with other treatments, for example cognitive control therapy and tDCS (Segrave et 

al, 2014; Brunoni et al., 2014), may also specifically benefit LLD given the cognitive changes. There 

might also be a consideration for taking a novel approach in this direction such as assessing tDCS 

with a successful treatment with LLD such as incorporating a primary care approach, collaborative 

care approach or a form of community psychological intervention to see if the efficacy improves.  
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Chapter 3: Investigating the feasibility and acceptability of at-home tDCS, 

using a new paradigm for qualitative analysis of acceptability.  

Chapter Overview 

 

Prior to this chapter, the thesis has followed a positivist, quantitative line of inquiry to investigate 

novel research areas of tDCS that include a meta-analysis of tDCS in LLD and tDCS effects on 

neuropsychological assessment.  

 

This chapter will be describing the qualitative analysis on data taken from a feasibility and 

acceptability clinical trial for at-home tDCS. This study is detailed in the previous chapter (p. 46-50). 

A distinction is made between the previous quantitative approach versus the current qualitative 

approach as the presentation, format, tone, and terminology may change accordingly. 

 

The chapter begins with differentiating between feasibility and pilot studies, then a description of 

feasibility uses to investigate acceptability are presented.  In the next section, acceptability is 

discussed in the context of healthcare, with a discussion on definitions of acceptability and how they 

vary in their complexity. A history of assessment tools for acceptability and the development of a 

new framework are presented and discussed. Factors concerning acceptability, its importance in 

healthcare and a rationale for this study, including the current knowledge base of acceptability of 

tDCS are then discussed. For this chapter, acceptability will be understood as a complex construct. 

 

Examples of how tDCS as a methodology can assist in deconstructing the elements of acceptability 

and a new perspective of understanding acceptability in tDCS are then provided. The research 

question is restated and after briefly introducing qualitative methods, I will discuss the 

methodological, epistemological, and ontological concerns. The final sections will review the 

analytical approach (thematic analysis), the findings and conclude the chapter.  
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3.0 Introduction  

What is feasibility?  

According to the SAGE Encyclopaedia of Educational Research, Measurement, and Evaluation, 

feasibility “is the extent to which those who implement a research study, or an intervention can 

practically do so within an identified authentic setting” (Gagnon & Barber,.2018, p. 668). The term 

feasibility is typically used to describe small, confirmatory studies and has been used 

interchangeably with ‘pilot study’ (Lancaster, Dodd & Williamson, 2004). Though, the 

interchangeable notion is only used in around 14% of studies. More commonly, the terms are used 

individually with approximately 63% and 31% of studies using the terms feasibility and pilot, 

respectively (Billingham, Whitehead & Julious, 2013), which might suggest there is a rationale for 

using them independently.  

 

Feasibility and pilot studies are recommended by the Medical Research Council (MRC) as an aid in 

identifying the problems that might occur when investigating new or novel complex interventions 

(Craig et al., 2008). Making a formal distinction between the two terms might support what the most 

appropriate terminology and approach for novel intervention research (Arain et al., 2010). Though 

until recently, despite numerous definitions for feasibility, pilot studies, there remained a lack of 

clarity in the definition (Lancaster, Dodd & Williamson, 2004; Thabane et al., 2010).  

 

A key distinction identified a pilot study as a smaller, more cost-effective version of the main study 

to ensure all components work together as expected. Whereas the alternative (a feasibility study) 

tests the characteristics of the study such as number of eligible participants, standard deviation of an 

outcome measure and can offer a more flexible methodology (Arain et al., 2010). More extensively, 

a feasibility study has a main objective to evaluate recruitment capability and sampling 

characteristics, any procedures relating to data collection and outcome measures, acceptability, 
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intervention, study procedures, available resources, implementation, and preliminary response of 

the intervention (Orsmond & Cohn, 2015).  

 

The definition offered by the National Institute for Health Research (NIHR), a funding body across 

the United Kingdom (UK), also use these definitions to differentiate between terms. It further states 

both are undertaken to see whether an intervention can be researched, and if and how to proceed 

with it, with the difference that a pilot study uses a specific design (NIHR, 2021).  

 

A feasibility study is described as an overarching term that includes pilot studies as a methodology 

(Eldridge et al., 2016a). Notably, when preparing for an RCT such as randomised and non-

randomised pilot studies, those feasibility studies that are not classed as pilot studies. An example of 

studies not classed as pilot would include all other trials which do not have efficacy as a main 

outcome and are designed to support a future RCT (Eldridge et al., 2016a). This definition is also 

compatible with MRC guidance for investigating novel, complex interventions (Eldridge et al., 2016a; 

Craig et al., 2008). 

 

Feasibility studies are used to test the acceptability of an intervention among other attributes of the 

study and intervention. When investigating interventions in healthcare, acceptability should be 

considered during the design phase of a study and right through to implementation and evaluation 

(Sekhon, Cartwright & Francis, 2017).  

 

Acceptability is an important facet of feasibility which can often be skimmed over or even 

‘overlooked’ (Eldridge et al., 2004). Literature can use inconsistent labels for outcomes of the same 

construct occasionally but are particularly noticeable with feasibility and acceptability constructs. 

For example, being feasible is meant as the guidelines produced in an article are recommended as 

implementable and acceptable are ‘attitudes, perceptions, and reactions’ of an intervention. So, 
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despite have clear delineation, feasibility, and acceptability constructs are often used 

interchangeably or individually. The variation in labelling has created an overlap between 

acceptability, and feasibility (and accessibility) being used interchangeably (Proctor et al., 2011). 

Identifying each construct as its’ own specific and unique entity aids the researcher position in 

several ways. The first by stressing the importance of not conflating these concepts. Second, it offers 

additional understanding for a novel intervention within that construct (i.e., acceptability). This, in 

turn, proposes to offer quicker resolutions when the researcher understands acceptability of the 

intervention versus the nuance of accessibility and what the feasibility is of conducting the study.  

Further, there are wider implications on what methods of analysis might be most appropriate, using 

individual level or aggregate data and the validity of the proposed investigated construct if not 

appropriately and transparently defined (Proctor et al., 2011). 

 

The CONSORT was designed to increase transparency in RCTs. The CONSORT issued a statement to 

establish a standardised report of what is required for pilot and feasibility studies. In this instance, 

there is no distinction made between the guidance for a pilot or feasibility study. The CONSORT for 

feasibility studies have given an alternative layout of aims and objectives which apply specifically for 

these studies (Eldridge et al., 2016b). Further, provides the required clarity is maintained around the 

definition of feasibility and means all feasibility studies will have a high standard of conduct and 

reporting (Eldridge et al., 2016b). 

 

Acceptability in healthcare  

A clear understanding of what a feasibility study is has been presented. To understand the how 

acceptable a novel intervention is in the context of feasibility, requires a) an understanding of 

acceptability as its own concept and b) how to appropriately examine this within a feasibility study in 

a healthcare setting.  The next section will look to address these points. 
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What is acceptability? 

Acceptability can be defined in simple terms from as an inference from a person’s behaviour, mainly 

‘the level of consent in the study, degree of uptake, adherence, or engagement (with an 

intervention)’ to a more complex and personal experience of patient perception, intervention 

satisfaction, absence of harm and positive effect, perceived benefit, and usefulness (Sekhon, 

Cartwright & Francis, 2018). However, there was no clear definition on acceptability that 

encompasses the construct as a complex entity until recently (Sekhon, Cartwright & Francis, 2017).   

 

Acceptability studies have typically defined acceptability as a quantitative, binary measure like 

discontinuation rate or drop-out rate, counting the number of participants who do not complete the 

study (Furukawa et al., 2016; Simmonds-Buckley, Kellett & Waller, 2019). Early definitions of 

acceptability within the confines of treatment describe the appropriateness of a treatment as a 

social validity construct (Kazdin, 1980). This forms the basis of acceptability as a construct. The 

component, social validity, was described as the social significance or ‘acceptability’ of a treatment 

procedure and the resulting behaviour change (Miltenberger, 1990). Using this definition has led to 

researchers to infer acceptability through the lens of participant behaviour as engaging with the 

study, for example through adherence, engagement, or discontinuation rates (Sekhon, Cartwright & 

Francis, 2018).  

 

Using a dropout method to measure acceptability does provide some useful information for 

quantitative researchers looking for raw, binary data. A criticism of having the narrow definition of 

acceptability as a singular factor means the understanding of acceptability ends here. It does not 

provide any insights or explanation for adherence, engagement or drop out (Sekhon, Cartwright & 

Francis, 2017).  A more nuanced comprehension cannot be extracted from this data such as why 

there was or was not engagement in an intervention. Therefore, a clear definition of how treatment 

acceptability is interpreted may assist in both the understanding of what is required to assess 
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acceptability and what benefits and barriers arise around the engagement with a treatment or 

intervention.  

 

It is now understood discontinuation or dropout rates are just one representation of acceptability 

and acceptability is acknowledged as a complex construct (Elliott, 1988). Acceptability is a powerful 

aspect to the success of a treatment and the potential to dismiss an efficacious treatment with low 

acceptability is possible (Carter, 2007; Sekhon, Cartwright & Francis, 2018).    

 

A working definition of acceptability has been proposed and is used for this research as “a multi-

faceted construct that reflects the extent to which people delivering or receiving a healthcare 

intervention consider it to be appropriate, based on anticipated or experienced cognitive and 

emotional responses to the intervention” (Sekhon, Cartwright & Francis, 2017, p. 4). 

 

An array of acceptability rating scales are available to assist in teasing out specific tenets of 

acceptability such as manipulation of the treatment (level of intrusiveness, apparent 

appropriateness and time required for intervention), of treatment user (age, gender, diagnostic label 

of user and severity of illness) and manipulation of the rater (rater knowledge of treatment and rater 

affiliation), along with more complex aspects such as ethical consideration, intention and 

opportunity costs (Carter, 2007; Sekhon, Cartwright & Francis, 2018).  

 

Assessing acceptability 

Converse to an empirical assessment of attrition rates or drop out, structured approaches to the 

assessment of acceptability have been approached using rating scales (Carter, 2007). The first 

structured approach to treatment acceptability was developed by Kazdin (1980) called Treatment 

Evaluation Inventory (TEI). Kazdin (1980) defined acceptability as appropriate, fair and reasonable 

for the treatment and the patient, as judged by the patient, lay people and others (Kazdin, 1980).  
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This definition signifies acceptability may be dependent on the perspective was judged from and a 

consideration researchers should make is where they place the importance of this perspective, i.e., 

on the researcher or the participant that can be led by the research question.  

 

TEI, initially created for parents to assess children’s behaviour, was a 7-point Likert rating scale. The 

questions asked were 1) how acceptable treatment was, 2) how willing they would be to carry out 

the procedure, 3) how suitable the procedure would be for children with problems other than those 

described in the study, 4) how cruel or unfair treatment was, and 5) how much the student liked the 

procedure (Kazdin, 1980, p. 261). This has been used in subsequent parent studies (Calvert & 

McMahon, 1987) and adapted for undergraduates (Kazdin 1980) and within health settings (Burgio 

et al., 1995). In addition to a modified short form version being created (Kelley et al., 1989). These 

adaptations led the way for the development of several different acceptability forms to assess social 

validity as a construct for acceptability. Examples such as the Treatment Acceptability Rating Form 

(TARF; Reimers & Wacker, 1988) and the Intervention Rating Profile-20 (IRP-20; Witt & Martens, 

1983) have provided extensive comparative critique of the content, purpose, psychometric 

properties, and their use within research (Finn & Sladeczek, 2001). 

 

As acceptability expands within healthcare research, so too have the tools of measurement. 

Treatment Acceptability and Preferences (TAP) is a psychometric measurement that aims to identify 

treatment preference focused on patient preferences (Sidani et al., 2009). TAP includes a description 

of the intervention and participants were asked to rate the intervention as acceptable (or not). The 

description may have provided some clarity to what was being assessed. Questions were framed 

around a) appropriateness (does it work for the symptom/illness experienced); (b) suitability to 

individual lifestyle; (c) effectiveness (for managing symptom/illness); and (d) convenience of its’ use. 

The 5-point Likert scale (higher scores equate to high acceptability) rate each attribute which 

allowed for a quantitative analysis of different attributes. The clinical group sampled were 
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experiencing insomnia and were given 4 different treatment options including sleep education and 

hygiene (SHE), stimulus control instructions (SCI) sleep restriction therapy (SRT) and a combined 

therapy called multi-component intervention (MuCI), which comprised of 3 prior options (SHE, SCI, 

and SRT). This demonstrated the use of comparative perceived efficacy could be made meaning a 

researcher can compare the efficacy as perceived by the participant for one intervention against 

other interventions (Sidani et al., 2009), an aspect considered in acceptability.  

 

The TAP provided some understanding of acceptability as a construct from the perspective of 

‘patient’ (Sidani et al., 2009). It can be argued limiting complex or novel healthcare interventions to 

the 4 attributes above only provide part of what makes an intervention acceptable. It does not fully 

include items such as burden of the treatment, which could augment attributes like participant 

intention; self-efficacy as an explanation for uptake of treatment or intervention against another and 

can be viewed as a limitation of using a rigid Likert scale. Further, opportunity costs are not 

considered in the TAP, either for those who pay for healthcare or the potential cost of a healthcare 

establishment endorsing it as cost-effective. In addition to the extent of any benefit, or values 

required to engage with the treatment (Sekhon, Cartwright & Francis, 2017).  

 

Standardised assessment has limited ability to reflect the complexities of acceptability and thus does 

not allow understanding of the construct. While inconsistencies between earlier forms of 

assessment (i.e., TEI, TAP) may have contributed to the ambiguous nature of acceptability 

definitions, the lack of theory development is a more pivotal aspect (Sekhon, Cartwright & Francis, 

2017). Using a flexible, inductive-deductive approach to theory development and analysis, 

conceptual elements of acceptability can flourish and allow for a better understanding of the 

complex, multi-faceted component to healthcare intervention success and expanding knowledge 

base (Shaw, Larkin & Flowers, 2014).  
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An inductive-deductive approach was used to catechize acceptability from a new perspective 

(Sekhon, Cartwright & Francis, 2017). The TFA encompasses 7 categories to assess acceptability: (1) 

affective attitude, (2) burden, (3) ethicality, (4) intervention coherence, (5) opportunity costs, (6) 

perceived effectiveness, and (7) self-efficacy (Sekhon, Cartwright & Francis, 2017). Multi-timepoint 

assessments: prospective, concurrent, and retrospective acceptability assessments taken from a 

temporal position, (i.e., what is the experience up to this point, what is the anticipated experience 

from this point onwards), can allow for real-time alterations particularly within a feasibility study 

(Sekhon, Cartwright & Francis, 2017).  

 

Collecting data in this structure will invariably alter the knowledge gained around the intervention in 

question and how acceptability of the intervention is understood. The increasing frequency of 

quantitative methods to establish participant or consumer preference have been applied, for 

example to inform regulation (Ho et al., 2015) but more typically, the understanding and 

acceptability of a new intervention is initiated through using a qualitative approach (Huls et al., 

2019).   

 

There is a juxtaposition around health research which follow an increasing attempt to use linear 

models of causality within research, while health policy is identifying rising levels of complexity and 

diversity with the same population. Qualitative approaches are more suited to lending themselves to 

addressing this conflict. Though in conducting the research, it would require a variety of 

methodological approaches, that are both sensitive to and encompasses the diversity of 

acceptability constructs across different sectors and topics (Meyrick, 2006; Shaw, Larkin & Flowers, 

2014). 
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Factors affecting acceptability 

The initial recognition of acceptability as a multifaceted construct was found when devising a short 

form version of an established assessment tool (TEI; Kelley et al., 1989) and represent the first 

consideration of factors affecting acceptability.  

 

Determining the relevant factors of acceptability rating scale transcends any definition of 

acceptability. Initially TEI was published as a ‘one factor’ assessment tool, assessing acceptability as 

one, simple construct. However, further analysis during the development of a short form of TEI 

devolved this into 2 aspects, one being how acceptable the intervention is considered and a second 

specific factor of perceived side effects and posed the question of its’ now known complexity (Kelley 

et al., 1989). However, acceptability ratings can be influenced by several differing factors.  These 

include how acceptability is rated, the role of stakeholders such as patient and professionals, how 

and where the data is collected, for example the level of intrusiveness and the environment will 

impact intervention acceptability, in addition to a summary of what does not affect acceptability. 

 

A factor affecting acceptability relates to an identified gap between what is known about a 

treatment, and what is provided and experienced in practice. The lack of evidence around 

implementation can mean a lack of understanding or a misunderstanding of treatment acceptability 

(Proctor et al., 2009). This can frequently occur when research around acceptability has been based 

on vignettes rather than having experienced the treatment first-hand.  

 

Stakeholder viewpoint is another factor affecting acceptability. Both patients and healthcare 

providers or professionals are highlighted as stakeholders within acceptability assessment (Borelli, 

2011). Patient involvement in acceptability have been associated with improved quality outcomes, 

and patients have been encouraged to act as an expert of their experience and preference to 

treatment options (Department of Health, 2001; Greenfield et al., 1985; Say & Thomson, 2003). The 
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proposed acceptability of a treatment or intervention can further be informed by the healthcare 

provider or professional perception of the intervention (Borelli et al., 2005). Often treatment history 

is summarised by professionals and severity is rated by professionals, both of which can impact 

acceptability ratings (Kalfus & Burk, 1989; Kazdin, 1980; Spreat & Walsh, 1994). 

 

Further, the setting of the intervention and the characteristics of the raters such as rater education 

and contact with patient impacts how acceptability is rated (Burgio et al., 1995). In this study, nurses 

with special interest in older adult care were asked to consider 3 different treatment types, 

behavioural interventions, positive reinforcement and a ‘time out’ as a mildly punitive and 

haloperidol in response to vignette conditions. The vignette presented behavioural problems, living 

situations and cognitive levels of the patient with the TEI used as a method to rate acceptability. This 

study yielded a response that preferred positive reinforcement with the highest acceptability. 

Responses were modified by the educational background of the nurses rating, with those who had 

received specialised training rating medication for a behavioural response as lower in acceptability, 

suggesting training provides other skills and approaches to successfully remediate behaviour that 

appears problematic. In this case, moderating factors included specialised training, in addition to the 

aforementioned stakeholder viewpoints and the experience of the intervention. Other moderators 

were clinical factors, i.e., cognitive levels of the patients and where the patient resided, (Burgio et 

al., 1995) which may seem apparent as this was part of the information presented in the vignette.  

 

It may be posited from this that information could act as a moderating factor for acceptability. The 

information on positive outcomes of treatment can impact acceptability ratings, specifically the 

reported strength of a positive outcome significantly affected how the interventions were rated in 

terms of acceptability (Clark & Elliott, 1988). How restrictive a treatment might be or is perceived 

can also affect acceptability ratings (Kazdin 1980; Spreat & Walsh, 1994).  
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In contrast, increasing raters’ knowledge of treatment (Rasnake et al., 1993) age, gender or severity 

of patients (Elliott & Fuqua, 2002) have not been found to affect acceptability ratings. The former 

expands on the earlier point raised on the gap of knowledge to experience and may emphasise the 

experience is paramount in being able to accurately provide an account for acceptability. Though, in 

the latter study, authors stipulate this may be due to a lack of definitive language in the vignettes 

provided or an occasion specific to acceptability for the treatment and illness examined in this study 

(Elliott & Fuqua, 2002). While typically any treatment provided received some level of acceptability, 

some emerge as having no effect. It seems when provided with options between treatments, social 

are preferred over and punitive or pharmacological options in acceptability levels (Miltenberger, 

1990). 

  

Qualitative research methods 

Qualitative research is a methodical process of investigation to gain new knowledge, concerned with 

the understanding of people’s experiences, seeking to make or access meaning of those experiences, 

and can be involved in taxonomy or theory development to describe these experiences (Curry, 

Nembhard and Bradley, 2009; Willig, 2019). Though, definitions for qualitative research are more 

‘what it’s about’ instead of what it is and can be referred to as an umbrella term of processes 

(Aspers & Corte, 2019; Flick, 2007). The process to understanding and meaning can take different 

paths depending on the investigative approach taken. Qualitative research pursues knowledge as an 

exploration and naturally leads to generating novel insights (Pope & Mays, 1995). Forming 

categories of meaning known as ‘themes’ develop in the words and actions of participants (Willig, 

2019) These categories of meaning can be both a prerequisite and complimentary to quantitative 

research (Pope & Mays, 2009).  The overall aim of the research guides the decision of the approach 

taken (Kalu & Bwalya, 2017). Balance is struck between theoretical approaches and what is referred 

to as ‘a broad spectrum of concrete methodology’. In the development of a qualitative research 
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project, theory, methodology and procedural conceptualisation are concerned with going beyond 

that of empirical studies (Flick, 2004).  

 

The design and process are made up of components and should be considered (Flick, 2004, p. 146):   

• the goals of the study, either description, testing of hypotheses, theory development. 

• the theoretical framework, including a detailed description or evaluation of current practice 

• its concrete questions, meaning questions are formulated to be answered 

• the selection of empirical material, and availability will inform the design 

• the methodological procedures, such as selection of sampling and formation of groups.  

• the degree of standardization and control relating to loose vs tighter designs. 

• the generalization goals (versus representational goals)   

• the temporal, personal and material resources that are available 

 

Good qualitative research uses accountability, transparency and reflexivity through a well-defined 

research question, and a valid justification on the choice of approach; accurate reporting of any 

adoption of theory, research design, sampling strategy and data collection, ethical considerations 

and evidencing data trustworthiness and reflexivity (Kalu & Bwalya, 2017; Toye et al., 2016). In 

addition to these criteria, providing clear interpretation and exploring the experience beyond the 

research study that is set in an impact plan is critical (Toye et al., 2016).  

 

Qualitative technology research in healthcare 
 

The use of qualitative approaches (QA) in healthcare research has been limited when compared to 

RCTs. Qualitative methods are reported to be underutilised and overshadowed by RCTs, though 

qualitative research could offer an innovative and novel perspective to complex healthcare 

interventions and the potential for learning using this method may be undermined by this gap 

(Mannell & Davis, 2019).  
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A wide array of QAs has been used to understand a variety of topics across healthcare and 

importantly can be brough together in the same way RCTs are systematically reviewed. Systematic 

reviews are employed to establish a diverse range of countries, settings, and interviewee 

perspective on the organisations. One review addressed struggles to improve the levels of quality 

with their healthcare systems (Vaughn et al., 2018). The review found 5 domains that could be 

identified as a healthcare organisation struggling to improve quality: (1) Poor organisational culture, 

(2) Inadequate infra-structure, (3) Lack of a cohesive mission and vision, (4) System shocks and (5) 

Dysfunctional external relations. Some of these are translatable across constructs (Vaughn et al., 

2018) and may specifically relate to the form of clinical trial that was conducted within this thesis. 

For example, inadequate infrastructure was defined in the review as poor levels of staffing 

(recruitment and retention) or resources, including poor technological or quality improvement 

infrastructure (Vaughn et al., 2018). For the thesis clinical trial following COVID-19, there was a 

heavy reliance on technology for videoconferencing. Both having access to technology and the 

technology working to an approved standard proved pivotal to the success of the study. This is 

equally a factor that could have affected acceptability for those seen in lockdown conditions, quite 

uniquely to those in comparison who had access to an in-person researcher early in the study.  

Another example is point 5: Dysfunctional external relations, defined as organisations having poor 

relationships with key stakeholders or governing bodies, or lacked well-functioning systems for 

collaboration with other healthcare facilities infrastructure (Vaughn et al., 2018). At clinical trial 

level, one of the key stakeholders is the participant and the relationship the researcher holds with 

them could directly affect acceptability, both positively and negatively.  

 

Addressing the use of outcome measures within healthcare research could translate across to 

acceptability studies in different ways. Whilst this project is not directly addressing patient outcomes 

on treatment, it is worth considering practitioner-clinician perspectives. Four themes were identified 
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in a study addressing professionals experience of patient-reported outcome measures for quality 

improvement (Boyce, Browne & Greenhalgh, 2014). The first was around practical considerations 

such as workload around data collection, dissemination, and implementation. This could directly 

relate to the reduced amount of qualitatively data studies on acceptability, as it is never known what 

might arise from participant interviews and could potentially lead to extensive change requirements 

to studies and/or treatments (Boyce, Browne & Greenhalgh, 2014). The second and third themes 

were around value and meaning of the collected data, often requiring follow up focus groups or 

individual interviews for clarification. Another consideration is the additional time placed on 

participants to collect and review the data and other requirements such as any additional training 

that might be required, which is a universal in most qualitative studies (Boyce, Browne & 

Greenhalgh, 2014). The final theme found patient outcomes were related to the impact of care. 

Invariably, the impact should be null. However, the study identified mixed views. On one hand, it can 

be used to promote professional development and complement any clinical judgement. Conversely, 

the process may narrow the focus towards opportunity costs towards aspects considered to be more 

or less important. In addition to the intrusiveness of privacy towards the patient (Boyce, Browne & 

Greenhalgh, 2014). Again, each are valid considerations within the realms of acceptability of a novel 

treatment such as tDCS. 

 

A review of methodologies on the patient perspectives of art as an intervention in healthcare 

demonstrated grounded theory and phenomenology alongside mixed methods were most popular 

in approaches, variation of content or thematic analyses as most common and semi-structured 

interviews most frequently cited method (Moss, Donnellan & O’Neill, 2012).  

 

Despite underutilisation and overshadowing, there is a growing interest in using qualitative methods 

alongside RCTs, particularly to assess complex health care interventions (Mannell & Davis, 2019; 

Lewin, Glenton, & Oxman, 2009). Using differing timepoints (i.e.., pre and post intervention) can 
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support in the goal of extracting personal experience and meaning, as well as changes in condition 

(Midgley, Ansaldo & Target, 2014). Though a criticism of this often cites poor integration with the 

overall trial findings (Lewin, Glenton, & Oxman, 2009). The experience of post-intervention included 

in the method the present study uses provides the space to identify unintended outcomes and help 

to interpret findings, though a stress on pre-trial assessment has been made particularly for 

acceptability of the intervention and the trial in principle, accuracy and development of measures 

and the breadth of outcomes (O’Cathain et al., 2014).  

 

The voice and perspectives of the consumer, usually the patient experiencing the intervention, are 

frequently ‘back-grounded’ as opposed to ‘fore-grounded’, when it comes to looking at outcome 

research within the healthcare sphere of traditional clinical environments (Simmons-Mackie & 

Damico, 2001). Patient involvement or engagement can be key to enhancing quality. Patient 

engagement, in form of personal experience, goals, perceived problems and concerns, has been 

described as a revolutionary concept to guide healthcare planning and interventions through 

promoting ‘patient-centred’ care delivery (Maxwell, 2008; Carman et al., 2013). All patient 

engagement should incorporate the patient wants, needs and preferences (Carman et al., 2013) and 

it is at this intersection where acceptability finds a firm seat.  Involvement can include areas across 

service delivery, quality improvement and research (Mead & Bower, 2000) and should filter through 

every aspect of the organisational structures from research to policy (Carman et al., 2013). Research, 

specifically, has been highlighted as a specific area of interest for improvement in patient 

engagement (Majid & Gagliardi, 2019).  Though it is recognised participants and patients have 

limited power or authority towards decision-making (Carman et al., 2013). 

 

The landscape of acceptability with tDCS as a treatment for MDD is thin and there are limited studies 

that provide a qualitative review. A rapid review of qualitative research for MDD and generalised 

anxiety disorder (GAD) to 2019 identified 29 studies detailing perspectives on pharmacological and 
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psychotherapeutic interventions. Most include patient perspective (n=28), with treatment studies 

making up only 12 (n=6, pharmacotherapy, n=5, psychotherapy, n=1  combined pharmacotherapy 

and psychotherapy) where acceptability is included as part of the study objectives (Kandasamy & 

Campbell, 2019). 

 

The considerations in the rapid review document the use of qualitative approaches within the 

specific clinical groups (MDD and GAD) has typically been low. Further, leans towards psychological 

interventions (Kandasamy & Campbell, 2019). The eligibility criteria included both MDD and GAD, 

which can present with similar clinical features. However, for the purpose of this thesis, it would be 

difficult to extrapolate any findings specific to the clinical group of interest (MDD) (Kandasamy & 

Campbell, 2019). 

 

From the pharmacology sampled studies, none of the studies report the construct ‘acceptability’. 

One study taken from a professional perspective (pharmacist), one chosen excerpt describes ‘social 

acceptance’ (Guillaumie et al., 2015). The reference to ‘acceptance’ is found in 2 other studies, one 

which uses the interview questions to discuss long term use of antidepressant and the patient 

perspective of ‘accepting treatment’ (Bosman et al., 2016) and the other describes the adolescent 

understanding of acceptance is experienced differently to adults (Maroun, Thackeray & Midgley, 

2018). Disease severity and ability to engage with treatment impacted acceptability (or accepting 

treatment) across both psychotherapy and pharmacological treatments. There were also 

organisation-level factors that reduced acceptability such as lack of time, and practice setting 

changes (Kandasamy & Campbell, 2019). 

 

In a brief review of the literature in the more recent years (Stark et al., 2018; Cao et al., 2019) there 

continues to be a limited amount of published research on acceptability with MDD, or across more 
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specific clinical groups within depression such as anhedonia in MDD (Cao et al., 2019) or LLD (Stark 

et al., 2018). 

 

In line with the technological advances available within the home and on mobile devices, an increase 

of acceptability research merging with the field of digital health interventions (DHI) such as 

technology, using technological aids, apps, and technology to enhance current therapies or 

completing therapies via tele-health (online).  

 

On the use of digital app for treatments such as CBT terms like “useful”, “flexible”, and “helpful” 

were used. Digital treatments such as CBT were reported to be easy to use at a chosen location and 

rated highly for privacy, both aspects were also rated as important by participants. There was a point 

from authors for the need of internet safety (in particular as this study was addressing adolescents). 

Another key aspect rated as positive by participants and professionals was the scope to use digital 

tools to monitor ongoing mood assessment scores and flag any pending crises (Rasing et al., 2020). 

 

One review utilised single-item Likert scales, questionnaires, or user feedback interviews to address 

usability and acceptability outcome across multiple varying digital health tools such as internet 

based CBT and widely available apps such as Headspace, MoodGYM and SilverClouds Health (Lattie 

et al., 2019). The results overall were favourable towards usability and acceptability. The authors 

reported a difficulty with establishing a true acceptability of these interventions due to response 

rates being low. There were some indication interventions were helpful with good levels of usability 

in those who continued to engage with the study procedures. The studies could have benefited from 

higher use of validated scales (Lattie et al., 2019). 

 

A literature review synthesised literature addressing the acceptability and usability of digital 

products within clinical groups with mood disorders (Patel et al., 2020). The authors established 3 
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mains themes 1) initial motivations and approaches to DHIs. 2 subthemes came from this, i) Initial 

motivations: hope, accessibility, and cynicism and ii) Participant Approaches to Engaging With a 

Digital Health Intervention: Active Versus Passive. Participants describe feeling empowered and a 

sense of responsibility towards their illness by engaging in this form of treatment. When participants 

had a self-determined active approach, the outcomes were more positive, in comparison to those 

with a more passive approach preferred face-to-face as digital health interventions present 

increased difficulty, and ‘stress’ (Patel et al., 2020). 

 

The second theme Patel et al., (2020) found was personalization of treatment, had 3 subthemes: 1. 

Flexibility and autonomy. 2. Stigma and privacy. 3. Functionality, content, and interface. When some 

found a sense of autonomy and flexibility others struggled with the lack of formal structure that a 

face-to-face therapy session would bring. Again, mixed reviews around stigma and privacy, some 

participants embraced the sense of anonymity using digital health technology can bring though for 

other a lack of space to engage with challenging and difficult topics made the process feel unsafe 

(Patel et al., 2020). 

 

The third theme, the value of receiving personal support in DHIs, had 4 subthemes: 1. Support for 

understanding DHIs. 2. Support to enhance commitment and motivation. 3. Suitability and desire for 

additional support. 4. Support to develop a virtual therapeutic relationship. This theme encapsulates 

the acknowledgement of increased access and empowerment for self-management. Establishing 

empowerment is also important for bridging the gap between dichotomous and asymmetrical power 

relations that exist between the researcher and participant (Ben-Ari & Enosh, 2012).  However, 

highlights the personability of having access to human contact through this therapeutic process. It 

reported having increased support, simultaneously increased motivation, and commitment to the 

treatment. The additional support would have enabled a quicker understand on the use of digital 

health equipment as well (Patel et al., 2020). 



 
 

130 
 

 

Effectiveness of treatment is an apparent aspect of acceptability, and this becomes important when 

reviewing study outcomes. Exploring a combination of perspectives of patient, caregivers, and 

professionals has given a broad spectrum of domains to focus in on expected treatment outcomes 

around functioning (elementary, social professional and complex functioning) and symptoms 

(physical, cognitive, mood and emotional symptoms; auto-aggression symptoms and perception of 

self) (Chevance et al., 2020). Focusing on symptoms and functioning in addition to technology uses, 

may benefit both the patient and researcher in the understanding of effects and side effects in the 

context of acceptability. 
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3.1 Rationale for this study 

 

Acceptability in tDCS  

Until now, the acceptability of tDCS within depressed clinical groups has been understood in the 

context of quantitative measures such as drop out, all-cause drop out and discontinuation measures 

(Moffa et al., 2020; Mutz et al.,2018, 2019; Razza et al., 2020; Zhang et al., 2021). It is suggested with 

low dropout rates, as found with tDCS in this group, this would imply a high rate of acceptability. 

Dropout is assigned by the clinician and is assumed to be related to how tolerable the treatment and 

adverse effects are, creating a direct inference of acceptability being related to side effects (Brunoni, 

Loo & Nitsche, 2016). However, without discussing with the participants their rationale for ‘dropout’, 

it is difficult to state whether this would be the case.  

 

Perceived risk, which includes a person’s belief, attitude, judgement and feeling towards a potential 

hazard, has been reviewed in the context of rTMS (Cabrera et al., 2021). It was appraised as having 

minor risks and side effects which was based on the information they had been provided with prior 

to the interview. When compared to psychological interventions they were grouped as both having 

perceived risk one physical, one emotional. In addition to the potential ‘ongoing risk’ of permanent 

or long-lasting damage from the usage (Cabrera et al., 2021).  

 

A retrospective questionnaire on side effects of participants who received transcranial focused 

ultrasound, form of neuromodulation, revealed only 5/64 participants who responded to the 

questionnaire reported neck pain, problems with attention, muscle twitches and anxiety as a mild or 

moderate side effect during the study of brain stimulation (Legon et al., 2020). There were also some 

unrelated symptoms (sleepiness and neck pain) that were reported. Of the initial transient reports of 

mild neck pain, scalp tingling and headache were not present at follow-up with no new symptoms up 

to 1 month after treatment (Legon et al., 2020). 
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As discussed above, acceptability includes many other aspects and this form of assessment of 

acceptability for a novel treatment is limiting. To widen the knowledge base and understanding of 

tDCS within this clinical group taking a qualitative approach could therefore be beneficial.  

 

Current knowledge of tDCS acceptability in MDD 

There is limited knowledge for understanding tDCS acceptability in MDD from a qualitative 

perspective. Further, a limited understanding of using tDCS as a treatment at home for this clinical 

group.  

 

The usage of tDCS has been explored using a survey by Wexler (2018) who found there was a 

significant relationship between usage purpose and perceived success of tDCS, from those using 

tDCS to self-treat MDD. An online survey containing questions on usage, beliefs, attitudes, and 

demographics was sent to tDCS consumers across 7 different companies in United States. A total of 

339 participants were included, 83.5% of respondents were male, with an age range 20-87. One 

third of responders (n=131) self-treat with tDCS, of those 74% are using tDCS for depression and 

treaters felt it was effective to treat MDD. This was in comparison to other users using for non-

treatment purposes (cognitive enhancement/restoration) who overall rated the device as 

ineffective. Further, it was noted there was a greater number reporting ‘somewhat’ successful in 

comparison to ‘totally’ successful, suggesting there was some effect but possibly not complete or 

total removal of symptoms (Wexler, 2018). 

 

In a qualitative rapid review on treatments for MDD, external factors such as those found at 

organisational level, are an important consideration for the acceptability of tDCS. This is particularly 

noted as tDCS as a treatment can be used on an at-home basis. One study also addresses the 

importance of societal representation. While reviewing currently available scientific evidence for the 

use of tDCS while pregnant, a review of media articles was completed. It found both limited scientific 
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evidence (3 case studies) demonstrating promising results, and this was replicated across media 

publishing, a sparse but promising and as such no significant importance had been attached (Kurzeck 

et al., 2018). Firstly, this gives an insight into how potential patients are socialised to treatments and 

could be a factor in acceptability ratings. Additionally, it may extend to the understanding of the 

treatment through the eyes of media rhetoric and have a bidirectional effect on acceptability. 

Furthermore, the wider social acceptance (others’ opinions and attitudes) of testing and maintaining 

a novel treatment may impact the uptake and acceptability of tDCS. 

 

Self-administered at-home tDCS has been conducted with some success (Alonzo et al., 2019). 

Participants were provided with a device to self-administer tDCS of 20-28 sessions over 4 weeks. An 

‘excellent’ adherence to protocol was reported with 93% completed planned sessions. Mood 

significantly improved from baseline and side effects wither minor and transient (Alonzo et al., 

2019).  An at-home protocol has been demonstrated as encouraging option and the tDCS devices are 

developing to become more technologically advanced. With this, a risk for technical issues 

developing increases. Across at-home studies in other clinical groups, technical issues have been 

cited (Palm et al., 2018). A review of literature of using telehealth options for at-home tDCS suggests 

an enhanced reduction in technical issues and facilitate compliance through real-time monitoring 

and with the use of videoconferencing can be done remotely to observe administration and offer 

troubleshooting solutions (Hordacre, 2018). There have been identified clinical groups who may find 

at-home tDCS with telehealth monitoring acceptable, of which depression is included (Alonzo et al., 

2019; Hordacre, 2018). Further, age and familiarity with the technology are not conditions that 

affect the acceptability. However, users of at-home tDCS who have used videoconferencing before 

had preferences with this form of telehealth. Suggestions to include training to increase engagement 

and for generic telehealth considerations; providing a version of telehealth to those familiar with a 

set method was also presented. For example, those who might be more experienced in laptop 

teleconferencing preferred using this method in favour of the use of an IPad (Hordacre, 2018).   
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There are limitations to the use of telehealth with at-home tDCS. These include the requirement of 

stable access to internet services, the cost of implementing telehealth such as purchasing hardware 

or videoconferencing technology could be burdensome for the research team. This also requires 

maintenance and updates. It could appear intimidating for those who aren’t familiar with this form 

of interaction and may require additional training (Hordacre, 2018).  

There has been one study conducted with at-home tDCS using remote supervision (Alonzo et al., 

2019). Though the approach to acceptability is that of previous meta-analyses using drop out as the 

measure. No study has completed a qualitative approach to acceptability to understand patient 

perspective of tDCS in MDD clinical group. When acceptability is reflected through set categories 

(overall concept, helpfulness, side effects, effort and burden, ethicality, self-efficacy and 

recommendation, and design) (Sekhon, Cartwright & Francis, 2017), quantitative measures can 

provide an accurate rating of helpfulness and side effects, but less is known about why this is the 

case. Using the qualitative methodology will provide more detailed understanding of these 

categories, as well as other categories of acceptability and provide the space for participants to 

express new aspects of acceptability. 
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3.2 Research Question 

 

This research aims to understand the patient perspective of acceptability through the following 

question using a series of pre-defined categories related to this topic: 

 

How do patients with depression describe the acceptability of using a novel treatment, at-home 

tDCS? 

 

The pre-defined categories will include acceptability as an overall concept, helpfulness, side effects, 

effort and burden, ethicality, self-efficacy and recommendation, and design under the TFA (Sekhon, 

Cartwright & Francis, 2017). 
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3.3 Methodology 

 

Overview 

In this section, the methods will be discussed to include the research paradigm and epistemological 

position. The ethical considerations will then be discussed which will include ethical approval, 

informed consent, confidentiality, and distress.  

 

Research paradigm 

Ontology, epistemology, methodology and methods are the four components of a paradigm 

(Scotland, 2012).   

 

Ontology relates to the understanding or belief a researcher holds around the nature of reality and 

humanity. For instance, this project takes an interpretative stance, where the experience of reality is 

a human construct, which is socially constructed and that people make sense of their worlds 

individually (Cohen, Manion & Morrison, 2000). This means each experience is personal and unique 

to that person. 

 

Epistemology relates to the theory of knowledge, the nature and form of knowledge, and 

assumptions consist of how knowledge is produced or ‘what it means to know’ and examines the 

relationship between the knower and what is known (Goertz & Mahoney, 2012; Scotland, 2012). 

 

Whilst there is a relationship between ontology and epistemology, prescribing a specific directional 

relationship can undermine reflexivity and critical analysis (Bates & Jenkins, 2007). The 

epistemological position of this project, interpretivism-constructivism as a theory understands a 

world that is constructed, experienced, and interpreted by people through social interaction 

(Maxwell, 2015).  More specifically, the position held as a researcher for this project is critical 
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realism. Critical realism holds an objective reality which exist beyond our awareness and belief and 

can also be observed and measured (Willig, 2016). There is an acknowledgment of history, political 

and social context and proposes multiple dimensions within reality. There is a subjective reality 

existing alongside the observed experience of the research participant and this acknowledges 

influence from the researcher (Willig, 2016).  

 

Methodology is strategy of the data collection. There are different methodologies that could be 

adopted to conduct a qualitative analysis. These include grounded theory, social constructivist 

approaches and phenomenological approaches (Scotland, 2012). There is a logical connection 

between the ontological and epistemological position researcher take and the methodology can be 

impacted by these positions. Whilst there is a directional relation between ontology, epistemology, 

and methodology, this does not mean one concept determines the other (Kant, 2014). For example, 

with this research, the methodology has a focus on phenomenology, that is the participants lived 

experience within the world (Neubauer, Witkop & Varpio, 2019), yet epistemologically, the critical 

realist would also consider the socialisation of the participant, as the world exists around the 

participant.  

 

3.4 Methods  

Design 

Participants and recruitment 

All participants were enrolled in at-home tDCS feasibility and acceptability study and were enrolled 

to take part in the acceptability interviews as part of this study. The participants completed a written 

7-point Likert acceptability scale at visit 1 prior to the commencement of the study, then at V21 (end 

of the tDCS treatment sessions) and V23 (6-month follow up appointment). They were all provided 

with the opportunity to give a recorded interview at V21 and at V23 follow up, where the qualitative 
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data has been derived from. As an open-label study, some participants had continued use of tDCS 

during the follow up period. 

  

The demographics of participants who agreed to a recorded interview. 15 participants agreed to a 

recorded interview at the end of treatment, with 14 participants at the 6-month follow up, 11 

participants were women with an age range 19-73 years.  Participant ethnicity was mostly White 

British (9 participants), 3 participants were of Mixed heritage (Black and White), and other 

ethnicities included Black British Caribbean, Sephardi Jewish, Chinese, and White Other. The 

educational background ranged from 12-18 years. During the trial, 11 participants were on 

antidepressant medication (citalopram, fluoxetine, venlafaxine, sertraline) 5 participants were 

engaged in psychotherapy (CBT or online CBT -Living Life to the full course). 12 participants disclosed 

history of various treatment including antidepressant medication and psychotherapy. 

 

Ethical considerations 

Ethical considerations are integral in healthcare when conducting qualitative research though any 

research goal maintains a secondary position to patient wellbeing (Sheikh, 2007). Challenges can 

arise from the participant-researcher relationship when establishing an open and honest dialogue, 

maintaining respect towards privacy, confidentiality, and avoiding a misinterpretation of data. There 

is always a potential for conflict to arise at all stages of the research, research design, data 

collection, and analysis (Sanjari et al., 2014) and this can be managed through addressing informed 

consent, anonymity, and confidentiality (Richards & Schwatz, 2002; Sanjari et al., 2014).  

 

Ethical approval  

Ethical approval was sought and granted from the University of East London ethics committee and 

the London - Fulham Research Ethics Committee, Health Research Authority. It was also registered 

as a clinical trial (ClinicalTrials.gov ID: NCT03632434).  
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Informed consent  

Informed consent was sought as part of the screening process through the means of a participant 

information sheet (PIS) and a verbal discussion. In the PIS, information about the study was provided 

in advance, potential participants were given adequate time to read and digest the information 

provided about what to expect in the study. Information was also provided in relation to data 

protection, and confidentiality. Participants were aware they could withdraw at any time, without 

reason or consequence. They were given time and space to ask questions and provided with contact 

details of the study. Each section of consent was checked verbally with a researcher. Verbal consent 

was taken to conduct the assessment as either a video or voice recording.  

 

Anonymity and confidentiality 

Anonymity and confidentiality were discussed with all participants. It was explained to participants 

their data would be anonymised and the research team would maintain confidentiality throughout 

the study. Participants were informed that their GP would be contacted about their enrolment in the 

study and a summary GP letter would be sent at the end of the study, and at follow up sessions.  

All transcripts were anonymised and stored in a password protected secure file, in which access has 

been limited to those researchers on the study (RR, RW, CF, SC). 

 

Power dynamics 

Distortion of power exists within healthcare and could be argued to be more prevalent within 

mental health settings and this area has been under most under debate and scrutiny (Molodynski, 

Rugkasa & Burns 2010). For example, the use of legislation to compulsorily detain patients albeit 

legal is often the most overt display of power dynamics. However, there are more subtle positions 

that are taken such as engaging in ‘coercive practices’ (O’Brien & Golding, 2003). Coercive practices 

can be as broad as gentle persuasion to manipulation, threats, or physical acts of force (O’Brien & 
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Golding, 2003). The challenge of coercion is often placed within hospitalised settings and historically, 

under the use of mental health legislation which is not relevant to this thesis.  Though, some argue 

for a clear moral justification or a form of paternalism, any form of coercive practice should be 

avoided in research, as it is understood differently dependent on your position, professional vs 

patient (participant) (O’Brien & Golding, 2003; Lorem, Hem & Molewijk, 2015).  

 

There is a relevant power imbalance that should be explored. Such imbalances can lead to agreeing 

or accepting treatments such as directed decision making. Patients (or participants) might find it 

difficult to speak up and develop a sense of passivity (Joseph-Williams, Edwards & Elwyn, 2014) or 

resistance or resignation, when a patient (participant) does not feel heard (Lorem, Hem & Molewijk, 

2015). 

 

Power imbalance or power dynamics become visible following the process of self-awareness that 

reflexivity brings and in understanding the position of the researcher (Finlay, 2002a). There is a shift 

between the knowing (the researcher) and the not-knowing (the researched) which contributes to 

power dynamics through the power of defining a body of knowledge (Råheim et al., 2016) but also in 

that to some degree the researcher is a part or shares the story with the participant (Finlay, 2002b). 

Concealed power dynamics may exist through methods such as caring, empathic, and instilling 

equality through an empowering nature could be deemed as ethically questionable (Brinkmann & 

Kvale 2005). Introspection of personal reactions and emotion is valuable as a preoccupation of 

personal emotions may give preference to the researcher in any findings, rather to give an explicit 

link between the new knowledge, the links between the participant and researcher within the social 

context (Finlay, 2002b). The practice of participant trust to gain their story can be another act of 

counteracting power imbalance if used as a strategic instrument (Råheim et al., 2016).  In addition to 

intersubjective reflection, which allows for a deeper understanding of unconscious processes, social 

critiques and how these structure the relationship between the researcher and participant (Finlay, 
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2002b). The ‘researched’ are not in complete powerlessness, as this position provides the 

researched to control what information the researcher encounters during the research. As 

informants, the ability they hold “to control, deploy and manipulate. . .raises questions around the 

notion of the researcher’s exclusive power” (Råheim et al., 2016, pp. 8).  Certainly, there are power 

dynamics that exist between the researcher and the researched and both can be deployed, both 

discreetly and overtly, as the role of researcher, recognising these dynamics and ensuring balance 

where possible to prevent any bias should be paramount. Later in the chapter, reflexivity and its’ 

role in this research is discussed.  

 

Data collection methods 

There are different forms of data collection which can be used to conduct thematic analysis. A semi-

structured interview is an overarching term to describe interviewing in different forms (Brooks & 

Normore, 2015). How and what sequence the questions are asked and, if and what areas are 

followed up and developed with different interviewees should be considered with flexibility (Ryan, 

Coughlan & Cronin, 2009). As with all data collection methods, there are both advantages and 

disadvantages to interviewing as a data collection method. Some advantages to using interviews are 

their usefulness in gaining context, insight and generating quotes and stories, along with asking 

more complex questions. When conducted well, interviews can see the researcher developing a 

rapport with the interviewee, the interviewee can give more detail and the researcher probe more 

when appropriate (Doody & Noonan, 2013). Disadvantages to interviewing can mean the interview 

can seem intrusive, time consuming and expensive when compared to other methods, when talking 

on sensitive subjects such as mental health, there is a requirement for sensitivity and care for the 

interviewee. There is also a risk of bias, the interviewee can want to ‘please’ the interviewer or not 

feel open to say what they feel, with a desire to want to please, hampering interviewees giving 

honest answers (Doody & Noonan, 2013). Under bias, sits power dynamic of knowledge creation. 

There is bifold creation with the participant having knowledge of the experience (in this case the 
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level of acceptability of tDCS as a treatment), whereas the researcher holds knowledge of research 

process and will set the agenda. This can come in form of the structured or semi-structured 

questionnaire. There is an inherent bias with this approach, with the interview being led by the 

researcher (Ben-Ari & Enosh, 2012). The participant does hold the position to withdraw at any point 

without obligation and holds power in the very fact they hold the experiential knowledge and thus 

controls what knowledges is accessed, even when directed by a researcher (Ben-Ari & Enosh, 2012). 

 

There is special emphasis placed on the form in which interviews are conducted to try to manage 

and mitigate these potential disadvantages, for example semi structured interview can also explore 

new avenues which may have not been considered in quantitative initial phase of research (Gray, 

2016).  

 

Semi-structured interviews  

Data collection consisted of a series of set questions with a 7-point Likert scale, scored between 1-7 

and these questions were delivered in a semi-structured format to offer further discussion on their 

answers to the Likert scale question. There was an initial questionnaire completed at the beginning 

of the study (classed as V1) which delivered using pen and paper, so participants were familiar with 

the layout of the questionnaire. At the end of the study (classed as V21) and at the end of the follow 

up phase of the study, (classed as V23), the option to complete a recorded interview were given. The 

questions were constructed to be specific to this study, using categories of acceptability, in Table 4. 

(Sekhon, Cartwright & Francis, 2017). The questions were asked in order and sufficient time was 

given for them to consider their answer and to give a further explanation. Some points were 

expanded on for clarity or to give context. 

All interviews were recorded as optional, with a further choice of video or voice-only recordings. 

These were conducted by 2 researchers (RR & RW). 16 participants engaged in the interviews, with a 
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total of 30 interviews were conducted over 2 timepoints (timepoint 1 -Visit 21 n=16, RR=10, RW=6; 

timepoint 2- Visit 23, n=14, RR=9, RW=5). Prior to the interviews, RR and RW discussed the format 

and structure the interview would take to try and ensure continuity. Alternatively, participants could 

provide written feedback or decline if they wished. Written feedback and Likert scores were not 

included in the analysis, as this would require mixing methods. Several challenges can arise with this 

approach. The most prominent is a loss of flexibility, data can become limiting which may jeopardise 

the qualitative process and the process of transforming data which includes quantitative and 

multiple forms of qualitative data can be complex and time consuming, particularly for a novice 

researcher (Driscoll et al., 2007). 

The interviews were all conducted online via Microsoft Teams videoconferencing. The participants 

had access to the questions as a form in front of them on screen and the interviewer was the same 

person at all time points of assessment. Furthermore, the interviewer was the same person as the 

person who gave the intervention in the trial, which meant there was an established rapport 

between the participant and the interviewer. However, this could also introduce bias to allow the 

participant to express any discomfort or negative feedback which may be perceived to harm the 

rapport. Whilst the researcher remained visible throughout, it was not always possible to see the 

whole of the participant therefore observation of full body language was not always possible. These 

could be seen as invisible barriers of conducting the interviews online. Lack of body language and 

difficulties in expressing emotions have been cited as barriers to effective use of teleconferencing 

(Almathami, Win &  Vlahu-Gjorgievska, 2020). Where an astute interviewer may pick up on non-

verbal bodily cues for example, this may not have occurred due to the interviews being conducted 

online. 

Other barriers include technological challenges such as difficulties in using software, poor quality 

connections, slow internet speed, privacy and security concerns, and a general resistance to 

technology (Almathami, Win & Vlahu-Gjorgievska, 2020). 
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Thematic analysis   

Thematic analysis (TA) is a form of qualitative analysis that identify themes through a process of 

identification, analysis, and interpretation, using pattern recognition emerging from the data (Clarke 

& Braun 2017; Fereday & Muir-Cochrane, 2006). TA offers a systematic approach to analysing the 

shared meanings and experiences that are relevant to the research question can reduce the data 

crossing over with other analytical methods such as Content Analysis, IPA, and Grounded Theory 

(Guest, MacQueen & Namey, 2012; Vaismoradi, Turunen & Bondas, 2013).  One advantage TA offers 

is a method – a tool or technique, that is not bound to theory, as opposed to methodology, which is 

theoretically informed and confined. As a method, TA has a degree of flexibility with sample size, 

data collection and in the generation of meaning (Clarke & Braun, 2017). 

 

TA can be completed at different time points, for example pre- and post- intervention (Alhojailan, 

2012). TA is accessible and flexible as a method and as such it lends itself well to novices in 

qualitative research and to research that takes a multimethod approach (Braun & Clarke, 2012). 

 

Owing to the flexibility of this method, it can be used inductively and deductively (Boyatzis, 1998; 

Crabtree & Miller, 1999). Using the inductive process, the analysis begins with specific content and 

broadens to more generalised themes and can go onto theory development (Alhojailan, 2012). The 

inductive approach might be employed when there is little known about the phenomena or there is 

limited literature. An inductive approach may also be utilised for investigating a new construct 

mechanism which underlies relationships and boundaries, or during the investigation of a specific 

phenomenon where the data collection is very difficult (Huy, 2012). Finally, might involve processes 

such as how groups feel, think and act, in contrast to ‘how much does it matter’ (Langley, 1999).  

This form of rich description of the data or the decision to provide a detailed description of a 

particular focus on the data is informed by the type of analysis and investigation that is conducted 

(Alhojailan, 2012; Braun & Clarke 2006). 
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Table 4. Participant Questionnaire 

Categories  
(Sekhon, Cartwright & Francis, 2017 p.8) 

 

Questions Asked for Acceptability Form 

Acceptable/Affective Attitude 

 

How acceptable were the tDCS sessions?  
 

Helpfulness/ Perceived Effectiveness 

 

How helpful do you think the tDCS sessions were for 
improving your depressive symptoms?  
 

Negative Side Effects 

 

How bothered were you by negative side effects from 
tDCS sessions? 

Ethicality 

 

How ethical do you think the tDCS sessions are?  
 

Effort/Burden 

 

How much effort do you think you need to put in for the 
tDCS sessions?  
 

Recommendation/ Self Efficacy  

 

Would you recommend tDCS sessions to others?  
 

Study Design 

 

What were the most successful parts of the study?  
What were the least successful parts of the study?  
Are there ways the study can be improved?  
Any other comments  
 

 

The deductive approach takes prior knowledge such as pilot study findings, prior research, or a 

conceptual framework and uses these within aspects of the analysis to code and identifies themes. 

As a result, it can be more prescriptive (Nowell et al, 2017).  Typically, the deductive coding process 
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can begin with a set of a priori codes, which are more analytically based and tend to produce fewer 

rich datasets (Neuendorf, 2018; Braun & Clarke, 2006). 

A hybrid approach of both inductive and deductive process can also be adopted and have principally 

been proposed by Fereday and Muir-Cochrane (2006). This incorporates a top-down and bottom-up 

methodology which supports a rigorous approach. Logical consistency of in-depth planning and a 

step-by-step process to analysis can demonstrate transparency. This process provides interpretative 

rigor, making clear where and how interpretations have occurred. Adjunctively, member checking of 

codes or formulations add to the rigorous process. With the hybrid model, this can occur on two 

occasions, member checking inductively and then deductive followed by any relevant additional 

(Fereday & Muir-Cochrane, 2006). 

There is a generalised way of conducting the thematic analysis which consists of 6 stages which 

include active stages of analysis as well ensuring rigor and trustworthiness (Braun & Clarke, 2006; 

Fereday & Muir-Cochrane, 2006; Nowell et al, 2017). There are further recommendations that can 

increase credibility through transparency, transferability through including sufficient detail for the 

reader to decide if your results are transferable, dependability through the demonstration of 

consistency and reproducibility. Finally, confirmability that findings have been generated through 

the data and not through biases (Castleberry & Nolen, 2018). Transferability, reproducibility, and 

confirmability will enhance the quality of the research conducted and are areas criticised in thematic 

analysis (Attride-Stirling, 2001). 

 

When conducting the analysis, there is an assumed return of power to the researcher. At this stage, 

the researcher holds privilege to interpret and report what the interviewees have reported within 

the interviews (Kvale, 2006; Anyan, 2013). There is an opportunity to invite the interviewees to 

review some of the analysis, however few researchers will afford the interviewee a ‘final’ say’, to 
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ensure the intellectual pursuits meet the research community expectations rather than the 

participant agreement (Kvale, 2006; Anyan, 2013). 

 

Table 5. provides an overview of the stages of thematic analysis that were conducted and evidenced 

in appendices (Braun and Clarke, 2006). Stage 6 is evidenced in this thesis and acts as the report and 

is being drafted as a scholarly report for publication. 

 

Thematic analysis has been used widely to review acceptability across healthcare topics that have 

used technology (Dohaghy et al., 2019; Ebert et al., 2015; Ross et al., 2016) and tDCS (Riggall et al., 

2015; Smits et al., 2021; Tedesco Triccas et al., 2018). Specifically, in tDCS, exploring views and 

experiences within specific patient groups (Tedesco Triccas et al., 2018), from researcher 

perspectives addressing ethical and scientific views or as part of a mixed method approach across 

groups (Smits et al., 2021). All can fall under the larger umbrella of acceptability. 

 

Table 5. 6 Stages of Thematic Analysis 

Stages of Thematic Analysis (Braun & Clarke 2006 p.87) 
 

Stage 1: Familiarizing yourself with your data: Transcribing data (if necessary), reading and re-

reading the data, noting down initial ideas.  

Stage 2: Generating initial codes: Coding interesting features of the data in a systematic fashion 

across the entire data set, collating data relevant to each code.  

Stage 3: Searching for themes: Collating codes into potential themes, gathering all data relevant 

to each potential theme.  

Stage 4: Reviewing themes: Checking if the themes work in relation to the coded extracts (Level 1) 

and the entire data set (Level 2), generating a thematic ‘map’ of the analysis.  

Stage 5: Defining and naming themes: Ongoing analysis to refine the specifics of each theme, and 

the overall story the analysis tells, generating clear definitions and names for each theme.  

Stage 6: Producing the report: The final opportunity for analysis. Selection of vivid, compelling 

extract examples, final analysis of selected extracts, relating back of the analysis to the research 

question and literature, producing a scholarly report of the analysis. 
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Method of Analysis 

 

Transcription 

Stage 1: familiarization with the data. Part of this process is transcribing data, reading and re-reading 

the data, and noting down initial ideas (Braun and Clarke, 2006). Initial transcription was conducted 

using the Microsoft Stream word transcription, which required some manual editing for example 

accuracy of pronunciation. The recording was listened to by the researcher(s) and edited to reflect 

who was speaking, with (I) used for interviewer and (P) used for participant. Identifiers were placed 

at the top of the transcript to include the visit number, date, participant ID and researcher initials. A 

researcher (RR) when through each transcription, corrected errors and added conventions. These 

were then annotated for exploratory comments and the initial themes were developed (Bird, 2005) 

on a master draft word document. As a novice qualitative researcher, I began loosely drafting a 

research journal (Watt, 2007) as part of the reflexive process.  

Coding 

Stage 2 involves generating initial codes and coding interesting features of the data in a systematic 

fashion across the entire data set, collating data relevant to each code (Braun and Clarke, 2006).  

Coding and categorising can be enhanced by the forms of data collection chosen, such as the 

interview conducted in this study which has the potential to reflect the ‘reality’ of the experience 

(Braun & Clarke, 2006) more accurately. 

The initial codes were developed intuitively to begin with and refined through a process of 

systematically collating similar codes together for example in Appendix 2 the exploratory codes can 

be seen down right. This process was initially done without the idea of themes as a first draft to 

attempt to remove any researcher influence. A review and reflection of the initial codes were 

conducted under supervision from the lead researchers (CF & SC) which allowed for me to also 

reflect on my predetermined outsider status may impact on the coding process (Merriam et al., 
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2001). All supervision sessions were conducted via Microsoft Teams and all team members had 

access to generated codes via a word document.  

 

Theme Development 

Stage 3: Searching for themes and Stage 4: Reviewing themes are stage of theme development. 

After generating a thematic ‘map’ of the analysis, the generated themes were reviewed within a 

supervised session with lead researchers (CF & SC) on the project. All supervision sessions were 

conducted via Microsoft Teams and all team members had access to the thematic map. 

Theme Identification 

Stage 5: Defining and naming themes identifies the themes. Theme development was made with 

supervisors (CF & SC). The initial codes were brought to together and discussed at length with 

supervisors, a visual example found in Appendix 3. The themes were agreed by all parties and there 

was ongoing analysis even after stage 6 (writing the report) to refine the specifics of each theme. 

This was to ensure the themes truly reflect the content of what was developed from the analysis and 

the overall story the analysis tells, generating clear definitions and names for each theme. The 

second researcher (RW) had also reviewed the themes. 

 

Quality standards 

 

Some of the challenges when undertaking qualitative methods include trustworthiness, rigour, and 

appropriate quality criteria (Dickson-Swift et al., 2007). Criticisms of qualitative research suggest a 

lack of reliable measures or the lack of objective and replicable findings, in additions to a failure of 

representative sampling (Yardley, 2000). Yardley (2000) provides some countercriticism that this 

measure may not be appropriate or applicable. The role of a qualitative researcher, Yardley argues, 
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is to offer a single interpretation when there might be multiple, that would have implications for 

reliability and reproducibility. It is preferable to analyse and review samples that are of special 

interest (Yardley, 2000).  In terms of quality indicators, Lincoln, and Guba (1985) established 4 

principles that qualitative researchers can use to demonstrate quality in their research (Lincoln & 

Guba, 1985). These include credibility, confirmability, dependability, transferability. Bradshaw et al., 

(2017) further developed the 4 principles to add meaning and practical demonstration. For example, 

credibility can be demonstrated through an established rapport and trusting relationship prior to the 

interview, being able to express compassion and empathy with prolonged engagement (Bradshaw, 

Atkinson & Doody, 2017). Examples of these using the Stages of Thematic Analysis (Braun & Clarke 

2006 p.87) are included in Appendix 2-4.  

 

Reflexivity 

Reflexivity is essential to quality in research. I, as the researcher, was involved in data collection, 

analysis of text and reporting, thus should be a transparent about the process through examining my 

position, perspective, and presence during data collection (Finlay, 2002). A realist approach taken 

toward the collection of the data.  

 

The points below are raised for reflexive interest as potential influencers on the data and will be 

explored as part of the discussion: 

• White British female from a single-parent, working-class background, with personal and 

familial experience of mental ill health who can be averse to treatments, particularly novel 

treatment, and some elements of mistrust in professionals within healthcare. In part, this 

has been a driver for my interest in these topics. 

• Professional history of working in both the NHS and private sector, as a support staff or 

student for 5 years and registered nurse (mental health) for 12 years which has involved 

working extensively within the realms of assessment and treatment of people belonging to a 
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wide range of class, ethnicity, age range and risk level with varying degrees of distress 

relating to severe mental illness. I would also be part of the workforce potentially providing 

the novel treatment. 

• Though I am positioned as an outsider for the purpose of this project, prior to the doctoral 

training, I have conducted 6 years of formal education at various institutions, learning about 

mental illness and psychology. Currently, a PhD student and main researcher for the projects 

in the thesis, conducting in-person or remote treatment with the participants, who were 

interviewed on their acceptability of the treatment I provided. I also recognise I hold a fair 

amount of what might be considered as ‘insider’ knowledge. 

 

In recognising my own insider/outsider status of this community, I have been positioned in both at 

different times and different levels during my life experience, as patient, relative, carer, mental 

health nurse and researcher (Merriam et al., 2001). To the first point, the recognition of my own and 

family experience provides an outline or backdrop to the cultural community that I have belonged to 

growing up. This will have shaped some of my ideas and understandings around health approaches 

and the level of trust in empirical data, which has changed over time. In yearning to understand a 

conflict between my experiences taken from family and my experiences within my early career 

working in a hospital, I sought formal training as a nurse, which inevitably changed my positionality 

both from the various formal training I have received and the experience of working with different 

groups of patients and staff. Research outcomes and results can be influenced by the positionality of 

the researcher (Holmes, 2020), and the above information is helpful to gain an insight on the fixed 

and fluid nature of the researcher from a reflexive position (Burman, 1991).  Added with the 

understanding of the research process being influenced by these factors such as age, gender, class, 

and ethnicity (Burman, 1991). It can be more pertinent to identify the researcher positionality 

around these three aspects (1) the subject being investigated, (2) the participants being researched, 

(3) the context and process being studied (Chiseri-Strater, 1996). Further, to consider a space in 
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between ‘insider/outsider’ rather than view the position as a dichotomous one (Dwyer & Buckle, 

2009).  

 

For this project, I positioned myself as PhD researcher researching tDCS as a novel treatment for 

MDD. The insiders are classed as all participants that met the criteria for MDD and the outsiders are 

those external to the study so I will act as a bridge, a qualitative researcher conducting an interview 

to understand their perspectives of using a novel device for this disorder. Further, to accurately 

represent and reflect these views of the insider participants through this thesis.  

 

This does not discount my background knowledge but did offer a positionality with less bias to 

assume the researcher may/may not know or expect what the experiences might be for everyone 

(Holmes, 2020). 

 

3.5 Findings 

Overview:  

In this section, a summary of the findings that have been developed from the analysis which answers 

the question: How do patients with depression describe the acceptability of using a novel treatment, 

at-home tDCS? 

 

Introduction to findings: 

Four overarching themes were identified: (1) Side effects, (2) Effectiveness (3) Time commitment (4) 

Support, feeling held, contained, which were gathered through semi-structured interviews. These 

are presenting in Table 6. and below, a more detailed overview of those findings and meanings. 
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Table 6. Themes and Subthemes from the Thematic Analysis 

Themes  Subthemes 

Theme 1: Side Effects  Subtheme 1.1: Physical Sensation of the treatment 

 Subtheme 1.2: Side-effects from the treatment 

Theme 2: Effectiveness  Subtheme 2.1: Expectation of tDCS as a treatment 

 Subtheme 2.2: Recovery & enhancement: the extent of the 
effectiveness 

 Subtheme 2.3: Un/certainty & novelty 

Theme 3: Time commitment  

 
 Subtheme 3.1: An everyday commitment 
 
 Subtheme 3.2: Convenience of having sessions at home, 

improving acceptability (gaining time) 

Theme 4: Support, feeling 
held, contained 

 Subtheme 4.1: Feeling connected by daily visits by the same 
person 

 Subtheme 4.2: Being observed feels safe versus feels 
anxiety provoking 

 

Theme 1 

Main Theme 1: Side Effects 

The first main theme was rooted in the expression of what is typically known as ‘side effects’. For 

participants who experienced side effects, there were 2 subthemes, 1.1. Physical sensation of the 

treatment and 1.2 side effects from the treatment. These two sub-themes were differentiated 

through how participants spoke about side effects. There was a relative high report of a generalised 

sensation of the tDCS, in that it appeared new but was time limited. Conversely, there were some 

reports of side effects which occurred as a direct result of using tDCS, for example, immediately after 

use, small patches of redness were seen at the site of the electrode in the forehead region.  
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The physical sensations of the treatment and side effects which manifested in physical form at times 

presented together. As the extract below shows, this participant found adjusting to the treatment 

“as a sensation” and encountered what would be classed as a side effect (redness). 

 

‘. . .You know there is the slight burning sensation that, you know, didn't ever last through 

the full session just a few minutes. Yeah, right at the beginning. I think. There was a bit 

redness [after the session], but you know, yeah, it, it was all fine.’ [ID: 049, F, pp] 

 

The initial sensation here is described as ‘slight burning sensation’. This appears to dissipate after a 

few minutes. Typically, side effects with non-invasive treatments have been appraised as having a 

lower perceived risk and side effects that transient which supported increased acceptability. tDCS 

has a low side effect profile (Brunoni et al., 2016a; Matsumoto & Ugawa, 2017). As well as other 

forms of novel interventions, tACS or transcranial focused ultrasound participants reporting a 

transient experience of side effects (Matsumoto & Ugawa, 2017; Legon et al., 2020). Additionally, 

non-invasive treatments have a lower perceived risk compared with more invasive techniques for 

example electroconvulsive therapy (ECT) (Cabrera et al., 2021; Loo, McFarquhar & Mitchell, 2008). 

Whereas a novel sensation is something that is new, not previously reported. 

 

Under quantitative measures, a category is created and a binary count tally those who did or did not 

experience this sensation. However, it has allowed an exploration whether it might be possible to 

draw a distinction between an initial novel sensation from a novel treatment and a recurrent and or 

persistent side effect, as experienced with the redness. Nearly all participants reported varying 

degrees of redness, and this was managed to a greater or lesser extent with saline supplied by the 

study team. To explore a distinction between a new sensation and a side effect would require a 
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definition of what constitutes a side effect. Though, the participants seem to themselves draw their 

own distinction which is discussed below. 

 

Subtheme 1.1: Physical sensation of the treatment 

Here the ‘sensation’ is described as a new experience and the sense of needing to ‘get used to it’ 

came through. Around 7 participants (out of 15) spoke specifically to a ‘sensation’ of the treatment 

that did not last. 

‘… there was a slight discomfort at the beginning of the session. Which is something I had to 

get used to. You know, with the. The headgear, heat sensation, stimulation sensation. But it 

calmed as I got used to it just because my brain wasn't… something completely new. Which I 

have never done before’ [ID: 022, M, pp1] 

This extract was clear this was something that occurred at the beginning of the session and felt a 

sense of needing to ‘get used to it’.  The participant goes on to speak about adjusting to this 

sensation. On the surface, this could appear as simply a reported side effect. When conducting the 

analysis, it was apparent there was something in participants reporting a ‘sensation’ which 

transcends the scope of a side effect. The sensation could be conceptualised under the idea of taking 

part in a novel treatment as this treatment has not been widely accessible for most people prior to 

the trial. Though available on the free market, it is not within most of the participants pricing range. 

Therefore, it is reasonable to assume there is not a widely understood experience of what tDCS feels 

like and indeed when first experienced, it was occasionally described as unique. This does, of course, 

fall under the category of side effects in the traditional sense. Though it may have merit to consider 

a more in-depth discussion in any future qualitative research looking at side effects and the 

experience of side effects in the context of tDCS to develop any nuances. 
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Subtheme 1.2: Side effects from the treatment 

All participants spoke about side effects, whether they experienced them or not as this was defined 

as a category within the questions. This extract describes both redness and dryness and feeling this 

wasn’t ‘enough to stop doing it’. 

 

‘. . . I’d say, uh. Bit affected and that was just the redness and dryness of the skin, but 

generally it didn't really bother me too much, like enough to stop doing it or anything”. [ID: 

027, F, pp7] 

 

All adverse events were recorded and there were no newly established side effects from this data 

(Brunoni et al., 2016a). The side effects experienced were part of the information provided in 

advance to the participants. On one hand, it may be argued as leading or restrictive. However, there 

was space held for any other reported experience or event to recorded after every session and more 

formally once per week using a standard form (Brunoni et al., 2016a). 

 

For the purposes of this analysis, differentiation between the two subthemes were established: the 

sense of an expectation of change in sensation, and potential of independent improvement, versus 

the increased degree of discomfort that required some level of management for improvement, i.e., 

observation, repositioning, increased saline, contact checking. This has created a novel and 

interesting perspective as a main theme around acceptability, as side effects would typically only be 

measured by tolerability, and adverse effect drop out. 

  



 
 

157 
 

Theme 2 

Main theme 2: Effectiveness 

The second main theme identified in the analysis was effectiveness. This relates to how effective 

tDCS was as a treatment and what other features of the study may be interacting with effectiveness. 

This was expressed as 3 subthemes: 2.1 Expectation of tDCS as a treatment, 2.2 Recovery & 

enhancement: the extent of the effectiveness, 2.3 Un/certainty and novelty.  

 

The first subtheme discusses expectation, relating to, if, and how the treatment would resolve 

symptoms; if and how the result of the study meet those expectations and whether the expectations 

felt realistic or ‘reasonable’. The second subtheme reports on the reflection on recovery and 

enhancement, and distinctly different to the expectation of how treatment would resolve 

symptoms. The third, un/certainty and novelty, might be positioned between these two themes 

around the process of reaching recovery (or not). The latter two points could also speak to the 

efficacy of the treatment, or bias from the researcher or participant. During the research, 

participants were given time to discuss their symptoms with the researcher, which formed part of 

the mood assessments. A process which could be inferred as a loose form of unstructured therapy, 

through combining researcher interviewing as loose form of psychotherapy that supports 

participants in identifying their symptoms. The position of the researcher is also important here, as 

they are typically rating mood to quantify the success of a treatment. This could mean the act of 

interviewing in a therapeutic form could be the rationale for an improvement rather than the 

equipment. Equally, it is not unreasonable to suggest the potential for bias in the researcher rating 

the mood as more positive, either for an increase in rapport or an apparent improvement in mood. 

Moreover, the participant reporting more positively due to the impact of rapport with the 

researcher. This qualitative approach has allowed some understanding of the recovery process and 

as such, other factors that might have been contributory. 
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Subtheme 2.1: Expectation of tDCS as a treatment 

The first subtheme describes participants’ expectation of how they anticipated the effectiveness of 

the treatment. Some of the participants suggest wanting a regeneration, transformation, or a 

complete removal of the distress that they felt during a depressive episode.  

 

‘. . .hoping for a new me, a brand new me, a happy you know. Sunny Sunshine, rainbow 

roses. Not thinking that I'll still haven't been, this cloud hanging, but the cloud [depression] 

is obviously reduced but still there. I thought I'd probably completely. Decimated. Or 

destroyed [the depression] but. But I think I just need to know the hard work has been 

done’.  [ID:022, M, pp4] 

 

‘I mean I, I always goes back to the sort of. Idea that you're, you're looking for 100% wonder, 

wonderful results at, this wonder drug or in this. In this case, a device and. I think we all have 

that reasonable expectations’ [ID:048, M, pp103] 

 

The first participant gives a noticeably clear example of an expectation which he felt was not met, 

although he does also say the cloud (depression) “obviously is reduced”. Reflecting on his initial 

thoughts of believing he would have a “brand new me” to his current improvement, the participant 

felt to a degree the treatment had not met his initial expectation. In the moment, there is the 

reflection moving from whilst the whole feeling has not dissipated or “Decimated. Or destroyed” as 

it is described, the description of “the hard work has been done”, suggests a large part of the 

symptomatology is resolved, and recovery will be easier. This could also represent a feeling of 

adjustment and wanting the happiness to feel ‘happier’, after a prolonged period a negatively based 

emotion. 
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Both examples speak about wanting an 100% result, “completely. Decimated”, “100% wonder, 

wonderful results”. This may speak to the perception of novel treatments having a higher efficacy 

rate which could initially and superficially boost the level of acceptability and subsequently lower 

acceptability at the end of the trial due to unmet expectations rather than the true efficacy of the 

treatment.  

Taken from a clinical perspective, the notion of wanting 100% results may infer the development of 

an insight of the symptoms that are experienced and the changes across mood and personality that 

are experienced during a depressive illness. All interviews were conducted post treatment and 

provided the ability to reflect on any changes that may have been experienced. What is lacking is a 

precursor interview to see if the opinion or expectation has changed across the course of treatment. 

 

However, the level of recovery is directly related to acceptability through the category of 

effectiveness. There is an effect of perceived effectiveness on the outcome of the treatment which 

relies on treatment orientation (Bride et al., 2013) and active perception and approach towards a 

novel health intervention improves the outcomes (Patel et al., 2020). Participants may be appraising 

the effectiveness of tDCS here against their expectation, rather than a neutral base which the 

researcher is inclined to be positioned. As such, there is an awareness of depressive illness prior to 

treatment and there is an awareness of improvement and/or change in the symptoms experienced 

post-treatment but there has not been a complete removal of their symptoms and/or this has not 

met the view or perception or expectation of what “happiness” might have been perceived.  

There is also an adjacent line of thought that could be taken in future interviews or research. Firstly, 

those who have recovered appraise social support and group membership more highly (Richardson 

& Barkham, 2017) which could have an impact on how acceptability is assessed within this trial 

design. Second, a concept of a ‘reasonable recovery’, where it is generally accepted that all current 

treatments may not completely resolve symptoms and that relapse is somehow ‘inevitable’ due to 
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the nature of the MDD. It is known that perception of recovery varies across clinical and patient 

perspectives and their priorities towards recovery also differ (Richardson & Barkham, 2017). 

Nonetheless, it may be the currently available treatment do not adequately treat MDD and the 

recovery that is discussed above is acceptable to the researcher (or clinician) but possibly not the 

participant. At a societal level, there is a degree of those experiencing mental distress being 

consigned to poor treatment options and a recurring/relapsing health as acceptable. This may be 

something to explore in future trials of novel treatments of whether what is seen by participants as 

partial recovery is in fact an acceptable response. 

 

Subtheme 2.2: Recovery & enhancement: the extent of the effectiveness 

Here there is a clear description of an enhancement of symptom-by-symptom changes that this 

participant has noticed and how symptoms interact with one another, resulting a mood change and 

lifting of depression. The second quote is more succinct but conveys a similar change or 

enhancement in mood and goes further to suggest recovery.  

 

‘I mean, for me, it's actually everything, um you know, my sleep has improved completely. 

You know, I've kind of gone from being up, um, several times a night, not being able to sleep 

at all, um to kind of getting restful sleep every single night, so that's been one of the massive 

differences. And um worry a lot less. And also, I um. I don't know, I kind of, I don't wake up 

feeling hopeless or depressed I kind of wake up and I can just kind of deal with the day. So 

yeah, they've, they've been the most major, major things that I've, I've kind of noticed and 

everything else then kind of seem to fit into place. Like you know, the kind of eating better 

and um, yeah, I kind of feel like once, once one thing sorted then the other thing you know. 

And then obviously that having better sleep then makes me more interested to wanna read. 

You know, and that kind of thing. So, I feel like once one thing gets into place to the next 
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thing. So yeah. So definitely. But yeah, having the sleep the less worrying. Not waking up 

feeling rubbish and that's made a massive difference’ [ID:040, F, pp37] 

 

‘Yeah, I just did feel the shift in my mood by, at the end of all the sessions. So, I would. And 

that’s what, you know, there are other things going on as well, but I do think it had a big part 

to play in that...I definitely still feel much better. Erm, A bit more enthusiastic about life. 

Erm. So yeah, I would say it's still present now.’ [ID:027, F, pp60] 

 

Here, the first extract describes a classical recovery with an improvement in sleep, which if disturbed 

is known to impact mood. Sleep improvement has also impacted on other typical symptoms known 

to be disturbed in depression (appetite, and motivation, “makes me more interested to wanna 

read”). The extract also conveys the extent she feels this, describing “they've been the most major, 

major things” and “that's made a massive difference”.  In the second excerpt, the participant notices 

a shift in her mood, “more enthusiastic” and the extent is conveyed differently “I definitely still feel 

much better”. This is more suggestive of the results being lasting over time.  

As part of the study, researchers were directly asking about mood which covered biological and 

psychological questions. Again, there could have been an added benefit through the application of 

researcher interviewing and encouragement as a form of supportive psychotherapy by supporting 

the participants in identifying their symptoms. There is some acceptability data around embracing 

the sense of anonymity using digital health technology to afford space to speak freely that for others 

brings difficulties with speaking around challenging and difficult topics in a lack of space left them 

feeling unsafe (Patel et al., 2020). It is possible that additional factors are occurring here, the 

research project is limited in time and there is no expectation to meet outside of study parameters, 

the participant having the space and time given to them may encourage open, dialogue, and 
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increase understanding. Then, increasing the participants ability to process the symptoms of a 

depressive illness which may have promoted recovery. This could be another example of the 

researcher-participant interaction could have had a possible overarching effect on effectiveness, 

which directly impacts acceptability.  

These both approach the level of effectiveness that has been experienced. In terms of response and 

recovery, the study reported nearly all participants clinically responded to the treatment. These 

excerpts provide more on how the recovery has occurred and to what extent, even the persistence 

of mood recovery. The second excerpt was during a follow up visit, in which the participant 

described a lasting effect. This was an open label study, and this participant did not have any further 

follow up sessions.  Here it may have been worthwhile to collect both an initial interview and a 

prospective interim interview alongside possibly teasing out more information on the existing 

qualitative interviews as there is mention of “other things going on” in one of their responses. Some 

disparities between clinician rated and participant rated experience of response and remission 

already exist in the literature (Zimmerman et al., 2006), which may arise from poor inferences. So, 

although clinically rated as “responded” or “remitted” via scoring inferred effectiveness from a 

quantitative position, here is an example of where more information around what causes success or 

hindrance in effectiveness has surfaced. Further discussion on what response was felt, whether 

participants feel it is directly related to the tDCS as a treatment or other factors, such as the 

concurrent treatments all participants were engaged with as a condition of the trial, having 

specialised 1-1 support from researchers through the study or the personal quiet time the study 

provided.  

 

Subtheme 2.3: Un/certainty and Novelty 

The final subtheme identifies an uncertainty about the treatment intervention, though despite this 

uncertainty, recognises a change in mood. There is also a feeling there is an effectiveness but offers 
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caution regarding attributing it to tDCS treatment. The second extract describes novelty in terms of 

modern scientific perspective which they infer means there will be effectiveness in the treatment. 

 

‘. . .I was saying to my flat mate, like I was like, I'm not sure if it would be like, I would still be 

feeling bad right now if I wasn’t like doing these things. But like I'd be feeling worse. Literally 

and so yeah, but I I don't know. I feel like generally I've been like kind of doing better than I 

have done before and that like, um and the kind of times I've been feeling low haven't been 

quite as bad as they have been before in my life also. [ID:036, F, pp6] 

 

‘There is a scientifical. Erm truth behind it. It's very futuristic, very advanced, very digital 

with the control of the app so. That definitely will work’ [ID:022, M, pp3] 

 

Though, these two points are polarised in certainty, the first participant appears unsure what and 

where the effect has come from and the other is sure the effect is from a new ‘scientifical, advanced, 

digital’ product. Presented here is a commonality, both in espoused effectiveness and of using a new 

device, though this may not be mutually exclusive.  

 

The first extract points to other potentials that may explain or assist their improvement. The latter a 

more definitive explanation towards science. This is important to distinguish as there is certainly an 

understanding that there are likely mutable factors that lead to a recovery in MDD. This can be a 

combination of treatment, engagement in a trial, of itself is effortful and potentially meaningful and 

rewarding. In addition to scientific explanations. There is an undercurrent of participants’ socialised 

understanding of treatment here that could also have impact of their perceptions both effectiveness 
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and in turn the acceptability depending on whether their ideas of treatment effectiveness support or 

violate their social and moral dispositions. 

 

Theme 3 

Main theme 3: Time commitment 

The third main theme is associated with time commitment. An element of the study requires 

allocating time for required daily sessions which are 5 x weekly, this then reduces to 2x weekly. The 

commitment is seen in comparison to currently available treatments.  The study required an overall 

commitment of 6 weeks. The first subtheme is, therefore, 3.1 An everyday commitment. There is a 

separate subtheme for time commitment which relates more to gaining time and has been titled 3.2 

the convenience of having sessions at home, improving acceptability (gaining time). 

 

Subtheme 3.1: An everyday commitment 

The extract below makes a comparison of time commitment to available treatments 

(antidepressants and talking therapies). The nature and design of tDCS and associated monitoring 

required scheduled appointments through the week and would be a consideration for those with 

external commitments such as childcare or work commitment. 

 

‘Well, just because even though they [tDCS sessions] were quite straightforward and 

relatively easy with what it is, you need to do, uhm, you know, just thinking about other. 

Forms of you know. Looking after your mental health. If you’re taking pills, you just have to 

think about taking a pill or you know if you're doing therapy. Generally like some sort of 

talking therapy. Generally that's maybe once a week, so you're blocking out one time in your 
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diary a week. Scheduled um whereas because this had to be sort of daily at first and then 

sort of every other day. So you, you have to think about that time and commit to that time. 

And that's not always, um, that can take effort.’ [ID:049, F, pp8] 

 

There is also an element where this participant talks of ‘effort’; for those who are feeling unwell 

even without commitments, there is a consideration for the level of effort required as the treatment 

starts with an increased level of commitment. It felt more effortful with the process of meeting with 

a researcher (or staff in real terms) each day for 3 weeks, then regularly x2 week for 3 weeks when 

compared to simply taking a tablet or engaging in therapy once per week or less. It was found those 

with a more passive approach preferred face-to-face as digital health interventions present 

increased difficulty, and ‘stress’ (Patel et al., 2020). Therefore, it might be those with ‘passive’ traits  

at the start of the study rate an increase in effort. However, a passivity may point to a power 

imbalance in decision making and the researcher should be positioned to ensure that there is an 

active process of shared decision making to reduce and prevent any form of coercion (Joseph-

Williams, Edwards & Elwyn, 2014).  This is in the context of a study and there were other activities 

which could have impacted on the sense of effort required. Additionally, all participants were 

diagnosed with MDD, in a current episode at the point of enrolment so would be a further 

consideration to what is asked of the participant in terms of ‘effort’ or burden of treatment. This is 

an at-home treatment so if it was deemed safe to do so being more remotely supervised might 

decrease the sense of effort and increase acceptability. Though, adherence may also reduce in this 

scenario. Further clarity would be required to establish if trial activities make the sessions more 

labour intensive or if this is limited to what is entailed for tDCS treatment only. 

 

 



 
 

166 
 

Subtheme 3.2: Convenience of having sessions at home, improving acceptability (gaining time) 

The subtheme discusses the converse experience of the convenience of at-home sessions and a 

dedicated 30 mins to complete the tDCS that appeared to give the sense of gaining time. In addition 

to this, the extract below describes a feeling of calmness and peace which is perceived because of 

having time to relax. 

 

‘I didn't have to go anywhere. So there was not much effort involved. And erm. And because 

you know, I had to switch off other things. It was actually, I found a very pleasant, the time 

for myself. . . It serves two purposes for me. It served two purposes, one that time. I had to 

force me to make time for myself to relax, to do to, dedicated to me, and switch off and also 

come. You know, I. Maybe that was a consequence, you know that followed after, which is 

this kind of like calmness and small sense of peace within’ [ID:042, F, pp5] 

 

Contrarywise to subtheme 3.1, effort was reduced due to the sessions being run at their home. This 

viewpoint is contrasting with the idea of going somewhere to get treatment (i.e., GP for medication, 

or a clinic for therapy).  With rising demands on primary care services, it has been increasingly more 

difficult to gain access to GP appointments and to low level therapy services. 

The study appeared to facilitate the participant in gaining a sense of time, both in being at home for 

the study activities but also having a set, allocated period of ‘time for myself’ and resulting a ‘sense 

of calmness’ which contributed to their recovery. This point provides a positive benefit and speaks to 

recognising recovery in real time and would boost the sense of commitment to engaging with the 

treatment and eliminating any sense of effort that may have been perceived.  

It was regularly mentioned in the interviews having 30 minutes for the treatment was beneficial to 

some degree. It was perceived as having an allocated time to relax and unwind and may hold some 
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benefit of its own like meditation (Goyal et al., 2014). Participants generally had other commitments 

such as academic courses, work, family. It is widely advocated by clinicians that engaging in and 

maintaining a sense of routine plays a supportive role in recovery, particularly during COVID-19 

(Murray, Gottlieb & Swartz, 2021) and it can be a coping mechanism or accompanying anxiety which 

leads to overexertion. It may be possible that this could be a contributory factor to the maintenance 

of depression. Not to conflate these 3 ideas however, encompassing a 30-minute break, meditation 

or tDCS or a combination of them may act in a role that promotes the recovery process. 

 

Theme 4 

Main Theme 4: Support, feeling held and contained 

The fourth main theme is support, feeling held and contained. The participants contact with the 

same researcher (as treatment support and research interviewer) was viewed as a benefit. In the 

first extract the participant discusses some quite intimate things about how they are feeling through 

the course of a depressive episode.  The rapport with the researcher and the ability to feel 

comfortable was important to them. The second extract describes both the benefit of having 1 on 1 

sessions but also the practical explanations of the activities this entails. The first subtheme is 4.1 

Feeling connected by daily visits by the same person, helps to describe the positive rapport that had 

been established. The final subtheme centres around observation and warranted being divided into 

2 further subthemes as they are in fact conflicting and opposed to each other. Nevertheless, two 

contrasting positions brought together: 4.2 Being observed feels safe versus feels anxiety provoking. 

 

Subtheme 4.1: Feeling connected by daily visits by the same person 

This subtheme discusses the therapeutic relationship and how for participants, it was established 

through a repetition of meeting the same person daily for the period of the study. The participant 
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below described their experience of MDD as personal and disturbing. So having someone they felt 

comfortable with was important to them.  

 

‘As you know we met regularly. And because I was meeting with you. Repeatedly, it's sort of 

like you build up. A bit a relationship, where you feel comfortable with someone and a, you 

know because you have to talk about it. Quite. Sometimes you know quite disturbing things 

and. erm You know around depression, and you know things that have happened to you. So, 

you do need to feel comfortable with the person that you're talking to, and I think. I did feel 

comfortable, and I did feel like you were very supportive, and I think that having that 

dedicated person who. Who can support you through the process is really important. . . it's 

like really personal and you know sometimes really hard to talk about stuff like depression. 

So definitely you know, having somebody you feel comfortable with, made it easier’. 

[ID:041, F, pp83] 

 

The main theme touches on feeling connected. This seems to have occurred because they were able 

to establish a ‘therapeutic’ dyadic relationship with the researcher. This is where they were able to 

discuss those personal and disturbing experiences relating to their experience of depression.  

 

In terms of acceptability, therapeutic relationships may be an enhancing factor, particularly as 

participants had tailored support as an addition (Norcross & Wampold, 2018). Feeling comfortable, 

having trust to disclose and how this transfers to having trust in a novel treatment. There is an 

overriding impression that the level of support the participant received which was discussed under 

Theme 2.  Though, what is unique here is the reference to the same person throughout the 

treatment. The participant has identified this as a factor for them in building a good relationship. 

They also mention having regular session with the same person and having a feeling of being 
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supported by this person. With the potential anxieties of starting a new treatment having these 

things seem to go a long way to enhancing acceptability and may be a crucial factor for those looking 

for additional support. In addition to this, the presence and observation of the researcher as a 

mechanism of support could have had an overall effect on treatment. There have been reports of a 

fondness and acknowledgement of attentiveness to having an observer and a sense of loss when this 

relationship ends (Papoutsi & Fu, 2021). Observation has also supported participants to create a 

‘third space’ in which participants within study conditions can reflect, which could add to the effect 

of thinking about / reflecting on their symptoms. This could increase the sense of feeling held 

(Papoutsi & Fu, 2021). 

 

In the following excerpt there is discussion about 1-on-1 sessions with the researcher and being able 

to speak about the emotions they were experiencing. The participant also reports having a 

‘complete understanding’ which may also add to the benefit they feel.  

 

‘Also the one on one talking. Talking. And in reviewing how I spend. . ., I found that too really 

beneficial to me. And it's, it's maybe a little bit of aware of my emotions and why I was 

feeling certain, certain way. . . What is really beneficial to Me, I was having a like a thorough 

explanation of the process is what we were going to go through on a day-to-day basis and, 

and I, you know, having had complete understanding. If there were any anything that was 

unsure I felt confident enough to ask further questions.’ [ID:030, F, pp5] 

 

The excerpt describes being able to talk about how they have been feeling and adding meaning and 

understanding to these feelings, ‘it’s a little bit of aware of my emotions and why’. All visits were 

discussed with a consultant psychiatrist, and this allowed for expert-tailored support and advice 

both from the researcher in the immediacy and then from the consultant in the background which 
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could be relayed at the next visit. They seem to express an acknowledgement of the level of support 

provided within the study later when stating “having a thorough explanation . . .and complete 

understanding”. It conveys detail, which has been specific for them and due to the frequency of the 

sessions this occurred daily.  

Taken together, both feeling supported and having confidence in the treatment and service that has 

been offered appear to be a key aspect to acceptance of the treatment success. There is also a sense 

of being cared for and contained.  

 

Subtheme 4.2: Being observed feels safe versus feels anxiety provoking 

The subtheme begins with the notion of being observed as a positive experience. Maintaining a 

sense of safety through a trial of a novel treatment, having access to the researcher through 

observation that ‘things were done properly’. The excerpt below goes on to add some detail around 

a feeling of being part of a wider network of supportive colleagues and through community services 

like the GP, it felt like interaction with a human, against what could potentially be quite mechanical.  

 

‘I mean, the fact that it's supervised. And as well just makes it safer. Uhm, uh, and it was part 

of a wider. Uh. Sort of you're part of a wider network of things. . . I think with depression 

and anxiety, a human face. I commu-, interaction with a person makes you feel more 

reassured. That things are going. You're doing things properly and. Sometimes er. Yeah, I 

that's why I even know that this was all done virtually. I knew that I was being aided by an 

actual person rather than a rather than an app’ [ID:048, M, pp7]  

 

The subtheme ‘being observed’ has been interpreted from the phrase ‘the fact its supervised’. It 

seems the choice of lexicon may have been more of ‘keeping watch’ or being ‘held’ over rather than 
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observation. In this case, there may be something nurturing in this expression of observation and 

perhaps is aligned with a connection or reduction of loneliness. Being in the presence of another 

person who is discretely available for an extended period can offer an aspect of holding and even 

feelings of wider community connection (Papoutsi & Fu, 2021).  The research occurred during a 

national pandemic due to COVID-19 and this theme reflects a unique experience of the present 

study design. However, there were limited opportunities to meet face-to-face. For those less 

inclined to reach out for social occasions using videoconferencing or and those expressing a general 

fatigue towards videoconferencing, increased isolation inevitably occurred. These 1-2-1 meetings 

seem to boost the efficacy, ‘I knew I was being aided by a person rather than an app’. Although 

largely it is technology in form of treatment ‘doing the heavy lifting’, again there is the notion of 

human connection, that felt safe. 

 

Additionally, this subtheme has an acknowledgement for the ‘necessity’ of observation. For some 

participants, the experience of observation was negative and somewhat intrusive. The study 

protocol meant we were not able to engage with the participant during the tDCS treatment which 

meant a discussion before, along with study activities, then a period of silence during the treatment 

(whilst being observed) then discussion again.  

 

‘I would say probably one of the more uncomfortable things is that whilst you're 

participating, you do have someone watching you, erm, that can be just an odd thought and 

an odd feeling. I don't want to say that it's unsuccessful because at the same time I 

recognize that it's a necessity for, for, for what it was, you know’ [ID:049, F, pp112] 

 

The natural course of a conversation does not usually contain a 30-minute period of silence and so is 

perceived by the participant as ‘uncomfortable’ this gives a clinical overtone. The researcher sat in 
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silent observation, whilst the participant sits in inactivity with a device on their head is certainly not 

a ‘natural’ situation and this gives a clinical overtone. It is understandable to have an ‘odd’ thought 

or feeling, even anxiety-provoking or a feeling of being judged or being imposed in some way. Due to 

a negative bias, some of these thoughts or feelings may already be present and are being amplified 

through this experience (Ito et al., 1998). This would undoubtedly reduce acceptability for those who 

experience this and consideration for concessions in observations with this treatment in real world 

scenarios may be worthwhile if it increases acceptability. 

 

3.6 Discussion 

This chapter has presented the views of participants who have received a novel treatment for 

depression that is currently not available via their GP as the main source of treatment for primary 

care, directly or via referral. The aim was to assess the feasibility and acceptability of this treatment 

using a qualitative semi-structured interview through the research question: How do patients with 

depression describe the acceptability of using a novel treatment, at-home tDCS? 

 

A structured questionnaire formatted from a TFA by Sekhon et al., (2017) was used with each 

question relating to what is understood to be an aspect of acceptability as defined by TFA and some 

answers were given that were specific to these categories of acceptability. However, the analysis 

was conducted both inside and outside (cross sectionally) of the framework, in line with TA 

approach, which meant that we were able to develop some main and sub-themes that transcend 

these definitions of acceptability categories. In this case, themes that were taken cross-sectionally 

from the data were identified as main themes.  

 

The first theme, Side Effects, relates directly to the experience of the intervention and 4 potential 

constructs from the TFA where side effects may fall under ‘affective attitude, burden, opportunity 
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costs and perceived effectiveness’. The most appropriate category might seem ‘burden’ to 

categorise the theme ‘Side effects’, by English definition ‘to cause someone worry, distress, 

hardship’. TFA has defined burden by the amount of effort required that is perceived by the 

participant to engage with the intervention. Experiencing unwanted adverse effects of a treatment 

can be considered a burden however patients can be poor reporters of side effects (Moosa, Jeenah 

& Kazadi, 2007). Though, side effects of an intervention or treatment can reduce compliance to that 

treatment (Bloom, 2001) which may impact on opportunity costs. Psychoeducation can improve 

attitudes by improving affective attitude and a perceived effectiveness and in turn, improve 

adherence to a treatment protocol (Lin et al., 2003), and all of which appear to be important to the 

acceptability of tDCS.  

The second main theme, Effectiveness, is slightly more apparent in its relation to TFA and links 

directly to the construct of perceived effectiveness. Perceived effectiveness may also impact the 

outcome of acceptability (Bride et al., 2013), in that perceived effectiveness relies on the orientation 

of the treatment, which will differ from researcher to participant but also across the participant 

group. This can be important for both the participant and the researcher as this can lead to a biased 

approach to effectiveness (or efficacy) and invoking positive (or negative) symptoms based on how it 

is perceived to work. In terms of acceptability ratings, there should be a consideration for the 

established relationship between the participant and the researcher. Participants may not always 

feel comfortable to say they have not recovered if there is an established rapport with the 

researcher. The notion of novelty arose under the second main theme of effectiveness. General 

public attitudes towards neuromodulation have been explored both for enhancements and 

treatment (Sattler & Pietralla, 2022). Using a web-based survey, moral acceptability was found to be 

25.5% for brain stimulation devices and 28.7% for brain-computer interfaces. Further acceptability 

for use within treatment was higher than for cognitive enhancement. Higher moral acceptability was 

found for less invasive products (Sattler & Pietralla, 2022). 
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Time commitment was the third main theme and relates to TFA categories of self-efficacy and 

burden. Self-efficacy is defined as participant confidence they can perform the behaviours required 

to participate in the intervention. This was achieved by a large percentage of the group (96%), with 

supervision and in this study, self-efficacy in the truest sense was not established due to the trial 

guidelines of requiring researcher observation. The idea of commitment was contextualised around 

everyday tasks that are required to co-occur, such as childcare, chores etc. In this sense, it gave a 

realistic viewpoint of what one may contend with when conducting this treatment at home, though 

time commitment in this context relates closer to burden. Burden, as described above, relates to 

effort. Time commitment was seen by some participants as an effort but then also seen conversely, 

as again, that they had gained personal time which previously they did not have, due to other 

commitments (i.e., demanding work life, family commitments).  

Whilst there are a lot of benefits to using a framework (Sekhon, Cartwright & Francis, 2017) to assess 

the acceptability of a novel treatment, it can be the case that because of there were predefined 

apriori interview categories, these aligned to the framework themes developed from this data into 

multiple constructs of the framework used. Conversely, a theme can also be developed that does 

not (because of the semi-structured interview technique), the fourth theme is an example of this. 

There was a unique factor to this study, in that supervision of the treatment at each session by the 

same researcher and there were weekly reviews of mental state and safety. This different protocol 

undoubtedly contributed to the experience of the participant of this intervention and therefore to 

the development of this theme. The final theme was (4) Support, felt held, contained. Here the 

excerpts speak of the supervision as an aspect of support and offering comfort and feelings of ease. 

To further this, the second excerpt directly describes a feeling of connection to the wider 

community. It is likely this is an example of a benefit to having trained professionals and expert 

external guidance from the chief investigator.  This was a unique aspect of the study which gave the 

participant real time supervision. However, I must identify being part of this community, that my 

motivation was to offer the research treatment as directed in the protocol but also to monitor for its 
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effects. This would be an important point to reflect on as this could add some bias into review of the 

participants, particularly if hoping for a positive outcome.  It may be the benefit came from external 

support offered outside of the study such as the free Facebook support group or free app support 

they could complete in their own time, or simply an altruistic sense of taking part in a greater cause 

than themselves.  It could equally reflect a motivated and engaged sample of participants.  

The role of the researcher, itself, was also a source of support that was external to any experience 

held by the researchers. There is the potential for inherent or unconscious biases to have a role in 

how I conducted or analysed the research. The history of familial mistrust with novel treatments and 

those in perceived authority could have led to me abandoning power within the research analysis. 

An unconscious bias towards this thinking had the potential to influence what was drawn out myself 

leading to a harsher review of the literature (Lazard & McAvoy, 2020).  Thinking around the wider 

socio-political landscape, a renewed wave of antiracial movements had occurred during the time the 

interviews were being conducted and led me to be engaged with antiracist groups as an 

extracurricular, which undoubted shaped my position and a keenness to give a voice to marginalised 

groups (Lazard & McAvoy, 2020). My own professional history of working extensively within 

institutions designed to support and care for patients with MDD and other conditions. These comes 

with a set of professional codes may have offered a benefit to a practiced impartiality. Though, 

equally, skewed power imbalances and at times, prejudices from working within this sector could 

have been presented (Molodynski, Rugkåsa & Burns, 2010). As a novice researcher, all codes and 

themes were reviewed by experienced researchers, who were providing guidance along with the use 

of a reflexive research journal (Braun and Clarke, 2006). 

This study was completed online, which meant we were able to increase access to certain groups, 

such as those living outside of the geographical location limits of commuting to home visits (i.e., 

outside London). The study setup also allowed for those who are in gainful employment to take part, 

as the study was offered outside office hours. A comment from participants around being part of a 
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wider society of support and that it could be argued that any support may have been as equally 

beneficial. Particularly as this was completed under COVID-19 pandemic national lockdown 

conditions, which invariably heightened the experience of connection even through 

videoconferencing. In the context of this study being conducted during a COVID-19 lockdown, it 

seems the supervision given during the intervention offered more than just safety and ensuring trial 

parameters are met, this was felt by the participants in a way that were described as “being held” or 

protected.  

 

There is some evidence that both age and gender may have moderating effects on the use of 

technological devices within a treatment format. Older participants report a lower willingness to use 

either technology (brain stimulation or brain-computer interfaces). Older participants were up to 89 

years. With an average mean age of 53 in experiment one and 54 in experiment 2, the older 

participants reported lower willingness to use either technology (Sattler & Pietralla, 2022). The 

means are higher than in the present study (40.9 years; range 19-73), though there is no clear 

documentation of what the cut off age or criteria was to classify as ‘older’. Further, women were 

found to be less likely to use brain-computer interfaces than men in a report from Germany (Sattler 

& Pietralla, 2022). While this study was looking at both treatment and enhancement, the finding of 

an increase in men was not the case in the present study. It was the opposite with a larger 

proportion of women. This may be in part due to higher numbers of women experiencing MDD 

(Smith et al., 2013; Kessler & Bromet, 2013).  An interesting factor that was identified in Sattler & 

Pietralla (2022) but wasn’t addressed the present study was religiosity which negatively correlated 

with moral acceptability but not with their willingness to use a device (Sattler & Pietralla, 2022). This 

would be an interesting intersection to review in the context of novelty and modern scientific 

perspectives. 
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There are some critiques to conducting an intervention online, an obvious point relates to 

technology and those who did not have access to technology could not take part, this might affect 

low socio-economic groups, in particular, those from ethnic minorities groups (Senecal et al., 2018). 

The observation may have seemed more apparent and intrusive for some participants as it was a 

'strange’ situation to be in, firstly to be connecting daily online (in the context of the pandemic), and 

to be ‘watched’ or observed, whilst having treatment may have been particularly uncomfortable for 

some participants, perhaps drawing on historical stereotypes of the medical model of looking at 

‘things’ through a microscope.  

 

To conclude, acceptability was achieved and the themes that arrived around the construct of 

acceptability were mainly positive. This study has provided one important highlight of giving space to 

participants to offer these viewpoints on a novel treatment. This is within a treatment group which 

has a challenging history which includes coercion, poor treatment outcomes and at times, a narrow 

view on the understanding of what acceptability means for the people who are ultimately engaging 

with the treatment.  As the first qualitative acceptability study on tDCS in MDD, it has provided an 

overview of what some of the emerging themes are and leaves the door open for future studies to 

continue to engage with acceptability as a varied, qualitative construct. 
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Chapter 4: The neurocognitive assessment of depression following tDCS 

treatment using auditory verbal learning test (AVLT) 

Chapter Overview 

In this chapter, a literature review will be conducted to understand the definition of 

neuropsychology and the purposes of why and when a neuropsychological assessment might be 

conducted.  The different aspects of cognition will be presented to recognize the neuropsychological 

profile of MDD such as attention, memory and learning, and executive function.  

The introduction will determine the chosen aspects of assessment (in this thesis is memory, 

specifically verbal memory). The use of neuropsychological assessment in healthy and clinical 

population are also presented. Next, specific theory will be discussed to understand the combined 

neuropsychological and biological theoretical position of MDD around memory and learning and 

neurobiological aspects of neurocognition to inform the neuropsychological decision. 

The chapter will address how MDD treatments can alter or affect the neuropsychological profile, this 

includes what is known about the antidepressant treatment paradigms and what is known about 

tDCS specifically as a treatment and the impact on memory assessment in MDD. 

The rationale for the choice of assessment that will be used in this study: auditory verbal learning 

test (AVLT) is explained and to conclude the literature review, a rationale, aims and hypothesis for 

the study. The chapter concludes with a report on the: materials, methods, results and will end with 

a discussion of the findings. 

 

4.0 Introduction 

Neuropsychology as a new field was developed following investigations of cognitive functions within 

the field of neurology, with the main goal of identifying dysfunction (Casaletto & Heaton, 2017; 

Cipolotti & Warrington, 1995). The investigations of the relationship between the brain and 

cognitive functions were conducted initially using observation and since 20th century, standardised 
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neuropsychological assessments such as psychometric testing (IQ testing) and test batteries such as 

Lurian approaches (Luria, 1966) and flexible and fixed batteries (Lezak et al., 2004; Reitan & 

Davidson, 1974) and the Boston Process approach (Kaplan, 1988) (Casaletto & Heaton, 2017; Eling, 

2019). As new assessment tools have been designed to specifically assess different domains of brain 

function, so too has the use of them expanded in both clinical and research settings, particularly 

considering new technological advances such as imaging (Casaletto & Heaton, 2017). To date, there 

are an extensive number of neuropsychological approaches and tests that can be conducted across 

various brains functions depending on the rationale of its’ use (See Lezak et al., 2004). 

In a professional clinical setting, neuropsychology is used to aid in the diagnostic process (Vakil, 

2012). Another indication may be as part of differentiating between suspected diagnoses (Kulas & 

Naugle, 2003) or in the context of forensic assessment for litigation and compensation purposes 

(Vakil, 2012). Neuropsychology may form part of functional assessments for those with established 

impairment (Vakil, 2012). The neuropsychological assessment may assist in the creation of 

rehabilitation plans to locate, predict, and evaluate outcomes (Allanson et al., 2017; Vakil, 2012), as 

well as choosing and monitoring appropriate treatment strategies (Kulas & Naugle, 2003). 

Understanding the effect of treatment may then indicate an important rationale for the use of 

neuropsychological assessments within the research compass. 

 

Cognition and impairments in MDD 

Cognition is an area of interest when considering the diagnosis of MDD. Traditionally, MDD has been 

characterised by the expression of mood disturbance, being the core symptoms of an episode. 

Though, it has been long recognised MDD has a cognitive component, with decreased concentration 

and focus, part of the diagnostic criteria (APA, 2013). Cognitive disturbance and neurocognitive 

symptoms have been seen more as an epiphenomenon and explained as being “age-related”, or 

“consequences of poor motivation or inattention” (Sandi & Richter-Levin, 2009). It is now 
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understood as part of the clinical presentation, an expressed symptom of a depressive illness, and 

frequently extends beyond decreased concentration and focus.  

Cognition is a broad spectrum of subprocesses involved in the acquisition, storage, retrieval, and 

processing of information and has been defined in a variation of this dependent on discipline (Bayne 

et al., 2019). Cognition can be altered with MDD (Henry & Crawford 2005; Snyder, 2013) and can 

have the potential to remain altered to varying degrees with remission (Bora et al., 2013; Rock et al., 

2014; Semkovska et al., 2019). Cognitive dysfunction can be mediated by specific areas of the brain 

meaning some aspects of the same cognitive domains can be impaired while others preserved (Vakil, 

2012). Cognitive subprocesses investigated in MDD are attention, perceptual processing, executive 

functions and, learning and memory (Vakil, 2012) and there is evidence of broad cognitive deficits in 

MDD across the domains of processing speed, executive functioning and working memory 

(Chakrabarty, Hadijpavlou & Lam, 2016).  

Attention deficits in MDD present themselves as patient-experienced sub-domains. Examples of 

these include impairments in selective attention (increased distractibility), sustained attention 

(inability to sustain focus) or divided attention (an inability to simultaneously monitor multiple 

channels of information) (Keller et al., 2019). Top-down attention serves executive 

function/cognitive control (encompasses sub-functions, such as the selection and updating of goal 

representations, response selection and suppression, and performance monitoring) and has a critical 

role in sensory perception and decision making (Keller et al., 2019). Mood states also influence how 

attention is allocated, with mixed theories that attention can increase and decrease with positive 

mood states (Vanlessen et al., 2016) 

Divergent perceptual processing can be expressed as altered processing of emotion, such as facial 

emotion processing and emotion recognition, as well as reduction in the speed of processing. Happy 

faces are often evaluated as less happy or sad by those experiencing MDD. Increased vigilance 

towards negatively valenced faces and selective attention towards sad faces has been identified 
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(Bourke, Douglas & Porter, 2010). Emotional recognition across all emotions except sadness is 

reported in depressed groups (Dalili et al., 2015). Emotion recognition deficits are not limited to 

depression and have been found in adults with anxiety disorders (Demensecu et al., 2010).  

Executive function and cognitive control are termed to describe the regulation of processes to guide 

behaviour towards a goal, particularly in novel scenarios (Banich, 2009). Broadly speaking, executive 

function and cognitive control involve shifting attention, updating working memory and inhibiting 

dominant responses (Miyake & Friedman, 2012).  

Processing speed can be examined across all domains and is known to be reduced in MDD. Within in 

executive function, it may not be enough to explain beyond simple neuropsychological tasks (Stroop 

and trail making test [TMT]) when assessing executive function, a bidirectional relationship between 

processing speed and cognitive effort (Nuño et al., 2021). In addition to considerably heterogeneity 

within MDD groups relating to age, severity, and medications (Nuño et al., 2021). 

Verbal and non-verbal learning and memory is a well-established deficit in MDD. Memory is not a 

unitary system and distinctions can be made between working memory (short-term storage and 

temporary maintenance of information) and long-term memory (consolidation and storage of 

information over hours to years) (Porter, Bourke & Gallagher, 2007). Memory can be further 

delineated to declarative (cognitive learning) and non-declarative (habitual learning, skills, 

procedures) (Porter, Bourke & Gallagher, 2007). Assessment of deficits are typically conducted 

around the process of acquisition, retention, and retrieval in different modalities (verbal or non-

verbal- auditory learning skills) and time frames (working memory, long term memory) and compile 

of different retrieval conditions: free and cued recall, and recognition (Vakil, 2012). 

These cognitive deficits of attention, perceptual processing, executive function, learning and 

memory can be positioned under two interacting systems of ‘hot and ‘cold’ cognition. ‘Hot’ 

cognition refers to the emotional processing and emotionally valenced cognitive tests are used to 

assess this. Rather, ‘cold’ cognition relates to any information processed, that is not emotionally 
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influenced. In that, information is both neutral, and independent of the emotional state (Roiser & 

Sahakian, 2013). Both hot and cold cognition can be affected in MDD (Miskowiak & Carvalho, 2014). 

Furthermore, a depressed mood is exacerbated and sustained by cognitive deficits and these deficits 

are more likely to occur during an active depressive phase than in remission (LeMoult & Gotlib, 

2019).  

Ahern et al., (2019) discusses a neuropsychological framework using a hot-cold cognitive model to 

explain MDD. It describes hot and cold processes as complimentary processes to each other during 

the activation and maintenance of negative schema. Both processes are required to disrupt the 

negative cycle (Ahern, Bockting & Semkovska, 2019). However, cold cognition has been an area of 

interest in MDD research as unresolved cognition impedes recovery (Groves, Douglas & Porter, 

2018) and has been shown to predict poor response to treatment (Allott et al., 2016). Later, in this 

chapter, I will discuss cold cognition in relation to treatment response. 

 

Neurobiology of cognition in MDD  

Given neuropsychological characteristics do not work in isolation, it is not unexpected to have 

multiple regions across the brain involved in the neurobiology of cognition in MDD. Understanding 

the function of each brain region and how this relates to neuropsychological activity may assist in 

the identification of treatment targets.  

The main regions where dysfunction occurs with MDD are prefrontal cortex, parietal and basal 

ganglia regions and the limbic system (thalamus, hippocampus, and amygdala) (Millan et al., 2012).  

Often hypoconnectivity causes disruption, such as in the frontoparietal regions which are involved in 

attentional control and emotion regulation is characterised in MDD. There is also hypoconnectivity 

between frontoparietal regions and parietal regions of dorsal attention network, which governs 

attention to external environment. That said, hyperconnectivity, increased connections, within the 
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default network, are believed to be related to self-referential thought. Between the frontoparietal 

regions and default network may reflect the negative biases (Kaiser et al., 2015) and may impact the 

altered cognitive functioning seen within MDD. Suggestions that there is widespread dysfunction 

across brains regions occurs through an interaction of these respective brain regions, for example 

executive functioning deficits may underlie deficits found in attention, memory, and rumination 

(Nitschke et al., 2004; Whitmer & Gotlib, 2013). 

Several regions report changes in MDD in temporal lobe particularly in grey matter (Bora et al., 

2012). One of the most consistently reported regions in MDD lies in the limbic system. The 

hippocampus reduces in volume (Campbell et al., 2004; Videbech & Ravnkilde, 2004; Frodl et al., 

2006). The hippocampus is a key structure for learning and memory and responsible for inputting 

context to the amygdala (Fadok et al., 2018). The amygdala has seen increased volume in depressed 

subjects compared with matched healthy controls, which may be related to the acuity of the illness 

or medication (Hamilton, Siemer & Gotlib, 2008; Hajek et al., 2009).  HPA axis activation can lead to 

hippocampal atrophy and prevention of neurogenesis within hippocampal regions, though 

relationship with altered neuropsychological testing may be related to specific subtypes such as 

those with recurrent and/or more severe presentations (Raber, 1998; Porter, Bourke, and Gallagher, 

2007).  

Inflammation and cytokine activity has been extensively researched as a factor contributing to MDD 

(Rosenblat et al., 2014) and likely to play a role in the cognitive pathogenesis in MDD. Depressed 

patients often display higher levels of cortisol and C-reactive protein (CRP; Stetler & Miller, 2011; 

Haapakoski et al., 2015). There has been a strong correlation between plasma CRP and cerebrospinal 

fluid (CSF) CRP (r=0.855, p<0.001), and both plasma and CSF CRP significantly correlated with 

inflammatory markers (interleukin [IL]-6, tumour necrosis factor [TNF] and IL-1 beta; p<0.05) and 

their soluble receptors/antagonists (Felger et al., 2020). IL-6 has been positively associated with 

serial seven’s test and high-sensitivity C-reactive protein (hsCRP) was inversely associated with trail 
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making and design fluency in baseline conditions in unmedicated depressed patients (Krogh et al., 

2014). Raised CRP was both significantly associated to a reduced connection between ventral 

striatum and ventromedial prefrontal cortex (vmPFC; corrected p<0.05), correlated with increased 

anhedonia (R=−0.47, P=0.001) and predicted decreased connections between dorsal striatal to 

vmPFC regions and correlated to decreased motor speed (R=0.31 to 0.45, P<0.05) and increased 

psychomotor slowing (R=−0.35, P=0.015). CRP effects on connectivity to these brain regions 

significantly mediated the relationship between CRP, anhedonia and psychomotor slowing. 

Increased plasma IL-6, IL-1beta and IL-1 receptor antagonist has been associated with connectivity 

between striatum and ventra-medial PFC (R=−0.33 to −0.36, P<0.05) (Felger et al., 2015). In addition 

to well-established monoamine pathway abnormalities, leading to cell signalling and neurocircuit 

deficits (Stahl, 2010).  

 

Cognitive theory 

As it may appear in the above summaries of the different domains, each subprocess does not work 

in isolation. This commonality is seen when symptoms or cognitive deficits found within MDD are 

proposed under theoretical aspects. The brief overview provides the understanding of theory in the 

context of cognitive dysfunction as an integrated theory with theoretical, biological, and 

neuropsychological foundations in MDD. 

In the introduction (Chapter 1), a precis of popular theories in MDD were introduced to the reader. 

Within cognitive theory fields, if the cognitive changes seen in MDD are understood as an intrinsic 

reflection of biological changes occurring in the brain (Austin, Mitchell & Goodwin, 2001), negative 

cognitions are essential in the aetiology and progression of MDD. Therefore, often MDD presents 

itself as negative cognitive biases.  Sandi and Richter-Levin (2009) propose MDD develops from a 

position of high trait anxiety. Beginning with attentional biases and increased fear responses develop 
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increased amygdala activation and HPA-axis reactivity can lead to the increase in storage of fear 

associations via a classical conditioning and negatively valanced episodic memory storage (Sandi & 

Richter-Levin, 2009). Attentional biases and negative memories can be triggered to a mood-

congruent bias following high levels of stress and the prior mentioned amygdala activity and 

glucocorticoid hyperactivity will lead impairments across the hippocampus and functional 

connections between prefrontal cortex-limbic activity, imposing deficits across the domains of 

attention, working memory and learning and concentration (Sandi & Richter-Levin, 2009). 

The cognitive deficits described in the paragraph above reinforce a sense of cognitive ineffectiveness 

and are central to Seligman’s (1972) learned helplessness theory (Seligman, 1972). Seligman (1972) 

adopted the stance that negative cognition creates a psychological environment where patients 

grow to accept their circumstances cannot be changed and thus, develop a sense of ‘learned 

helplessness’. This leads to stifled and disrupted learning ability and depressed behaviour (Seligman, 

1972). 

 

However, persons without high trait anxiety prior to an episode can still develop a depressive 

episode. Beck’s (1979) cognitive model of depression provides an insightful perspective to the 

development of MDD (Beck, 1979). Beck (1979) argues simply stressful events can be activating to 

previously learned negative schemata from early experience which led to a negative outlook on the 

self, the world, and the future. This creates a logic error which exacerbates low mood. The negative 

schema acts as a crucial mediator across multiple body systems including information processing, 

autonomic nervous and immune systems (Beck, 1979). As part of a natural, evolutionary mechanism, 

it was theorised by Beck & Bredemeier, the “depression program” is adaptive to allow for the 

conservation of energy resource (Beck & Bredemeier, 2016). 
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Beck’s work has been developed by Bower (1981), a seminal work on the relationship between 

mood and memory. Bower demonstrated the powerful relationship between emotion and memory, 

suggesting there was mood congruent effect and an impact on memory ability. This interrelationship 

with cognition was suggested to be through a connection of nodes and activation of any of these 

nodes that results in the automatic activation of adjacent nodes (Bower, 1981). Theorists, Ingram 

(1984) and Teasdale (1988) further expand demonstrating biased processing of emotional 

information results in the onset, maintenance, and recurrence of MDD. The evidence for this can be 

found in mood-congruent biases (i.e., self-referential processing, attention, memory, and 

interpretation) (Ingram, 1984; Teasdale, 1988). 

 

The neurocognitive profile of memory and learning in MDD 

For this thesis, a focus will be placed on learning and memory as a focal investigation of cognitive 

dysfunction in MDD. Specifically, assessing the short-term storage and temporary maintenance of 

information, or in other words, verbal memory and the process of acquisition, retention, and 

retrieval of free and cued recall in an auditory-verbal modality (verbal learning skills). There is a large 

body of research that exists on memory encoding, retrieval, recall and recognition (James et al., 

2021; Mendes et al., 2021; Nikolin et al., 2021). Declarative memory has demonstrated consistent 

deficits that remain in remitted MDD, generally as a consensus to a small-to-moderate effect (Bora 

et al., 2013; Rock et al., 2014; Semkovska et al., 2019). Though, large effect has been identified in a 

subset group (Bora et al., 2013). In the latter study, age of onset is identified as a moderating factor 

which can explain the disparity in results and in fact found the most severe deficit in verbal memory 

(d=1.10) within a late onset depressed group. This group is further statistically distinguished from 

early onset depressed group. The earliest onset group demonstrated a small deficit (d=0.21) in 

verbal memory (Bora et al., 2013). This may suggest the cognitive component of MDD may be a 

more evident as the disorder progresses or within an already ‘vulnerable’ (aging) brain. 
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The most profound moderating factor identified to affect performance outcome of cognitive tests 

are the number of previous episodes which was demonstrated in over half of a total of 75 

investigated variables around cognition (Semkovska et al., 2019). Within those, verbal memory was 

included with the variables, word list total learning, delayed recall and recognition, logical memory 

immediate and delayed recall, and Rey-Osterrieth Complex Figure (ROCF) delayed recall (Semkovska 

et al., 2019). The higher the number of episodes a patient had experienced across the course of their 

depressive illness appeared to decrease the number of well performed tests within the remitted 

group (Semkovska et al., 2019). Performance worsens with each consecutive depressive episode, in 

comparison to healthy controls (Semkovska et al., 2019).  This means the number of episodes in a 

lifetime is a potential moderator to cognitive effects of response on treatment. 

 

There is a relationship between the severity of symptoms and cognitive deficits. Both recurrent 

episodes and longer episodes have been associated with worsening cognitive functioning (Kessing, 

Forman & Andersen, 2011; McDermott & Ebmeier, 2009). Notably, the more severe an episode, the 

more profound the measured objective deficit can be seen (Farrin et al., 2003). Difficulties with list 

learning and free recall, which require sustained effort are noted with depressed patients (Bartfai et 

al., 1991). Although, this is not seen within a remitted group (Semkovska et al., 2019).   

 

Different aspects of memory functioning as measured by the California Verbal Learning Test (CVLT; 

Delis et al., 1987) were assessed against self-reported depression and anxiety scales using Minnesota 

Multiphasic Personality Inventory (MMPI; Hunsley, Hanson & Parker, 1988) ‘D’ and ‘Pt’ forms. Meta 

analysis found both demographic characteristics and ‘D’ were significant predictors of CVLT total 

words 1–5 raw score [F (7,3943) = 157.84, P < .001, R = .401]. They found depression (without 
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anxiety) had effects on immediate recall and amount of acquisition, but not retrieval or recognition 

(Kizilbash, Vanderploeg & Curtiss, 2002). 

 

There is a relationship between attention, learning and memory deficits, and MDD. It is not clear on 

what mediators and mechanisms underlie cognitive impairment (McClintock et al., 2010). There has 

also been an accelerated decline in cognitive dysfunction as age increases across memory, attention, 

processing speed and executive function domains (Gualtieri & Johnson, 2008). 

 

The Cambridge Neuropsychological Test Automated Battery (CANTAB) is a battery psychological test 

which can assess numerous aspects of cognitive function. Cognitive deficits in executive function, 

memory and attention were found at moderate levels in MDD when compared to healthy controls 

(Cohen’s d effect sizes ranging from −0.34 to −0.65). Executive function and attention showed 

significant moderate deficits (Cohen’s d ranging from −0.52 to −0.61). Memory demonstrated a non-

significant small-to-moderate deficit (Cohen’s d ranging from −0.22 to −0.54) persisting in remitted 

MDD. These results suggest cognitive impairments, including memory, is independent of depressive 

mood symptoms (Rock et al., 2014). 

 

Age and gender have been identified as moderating factors for verbal memory domains (Semkovska 

et al., 2019). The higher the age of the participant, the lower the performance on testing, relative to 

controls. The higher number of females in the remitted group, the better the performance, notably 

on word list learning and delayed recall, and logical memory immediate and delayed recall 

(Semkovska et al., 2019). Conversely, no significant differences between moderators (Age, gender, 

education, severity, and treatment) have been identified in cognitive performance of MDD patients 

(Zaninotto et al., 2016). A small but significant difference was noted between melancholic and non-
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melancholic patients experiencing cognitive impairments, including verbal memory. However, a 

moderate heterogeneity was also observed for this domain. The melancholic group were more 

severely depressed and older in age compared to the non-melancholic group (Zaninotto et al., 2016). 

 

Social functioning is the outward connection an individual has with the outside world, such as social 

relationships, occupation, and home life (Bosc, 2000). Social functioning impairments are well 

established to occur in MDD (Kupferberg, Bicks & Hasler, 2016) and can persist long term after 

treatment (Kennedy et al., 2007). The relationship of social functioning abilities and QoL to 

neurocognitive dysfunction has been identified as clinically important and significantly related 

(Evans et al., 2014). Though there has been limited research to address what the relationship is 

between these distinct constructs. A broad understanding is an association with or predicting a 

functional outcome across memory domain, as well as other domains (attention, executive function, 

and processing speed) (Evans et al., 2014; Cambridge et al., 2018). Age and symptom severity appear 

to have an enhanced effect on the neurocognitive-psychosocial dysfunction (Cambridge et al., 2018). 

Increased age, increased symptomology and severity indeed play a significant role, but it is not 

understood how other illness influences (duration, episodes, other clinical presentation such as 

psychosis) impact the understanding of neurocognition-psychosocial dysfunction (Cambridge et al., 

2018). Further, the lack of current meta-analysis to date have been unable to address the 

relationship or any limitations. One consideration is the wide range of assessment tools which 

include clinician rated performance scales and subjective measures of psychosocial function. One 

review publication comments of the scarcity of longitudinal research on the topic (Cambridge et al., 

2018). As psychosocial functioning has been broadly associated with neurocognitive function in 

MDD, adding to the research base or conducting explorative analyses may assist in what and how 

this relationship is represented within MDD populations.  Domain specific relationship with 

composite scores have shown the strongest predictor to remission is executive function (Knight, Air 
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& Baune, 2018) and due to the complex tasks involved in psychosocial function would make this an 

apparent result. Knight et al., (2018) mention memory may have been a stronger predictor; 

however, they made a distinction between immediate and delayed memory as individual domains 

whereas prior studies had classified ‘learning and memory’ as a singular construct (Knight, Air & 

Baune, 2018). 

 

Both neuropsychological and psychosocial assessment tools can be both objective and subjective. 

Typical neuropsychological tools assessing the ability to memorise or retain information, divide, or 

shift attention, or follow an organised plan in relation to neutral, non-affective information are in 

objective form.  There are more variations under psychosocial assessments to be both objective and 

subjective. Subjective assessment would include a self-report nature of symptoms or experiences 

(Austin et al., 1992; Chakrabarty, Hadijpavlou & Lam, 2016; Ahern, Bockting & Semkovska, 2019). 

 

Implications of treatment neurocognitive symptoms 

When making comparison across healthy versus psychiatric groups, improvements across working 

memory following tDCS have been observed in both healthy and neuropsychiatric subject groups 

(Hill, Fitzgerald & Hoy, 2016). Differences were seen depending on whether the task was conducted 

online (during tDCS) or offline (after tDCS). Significant improvement in reaction times following 

offline working memory tasks was observed in healthy groups, while response accuracy saw strong 

trends towards significance. The opposite was seen in psychiatric groups with online response 

accuracy, but not reaction times, improving significantly with tDCS (Hill, Fitzgerald & Hoy, 2016; 

Dedoncker et al., 2016). This suggests that there could be a difference in the function of these brain 

regions in neuropsychiatric groups compared with healthy groups and a dynamic that will impact 

treatments and subsequent cognition outcomes, as the brain ‘baseline’ function is altered. 



 
 

191 
 

 

Specifically addressing verbal memory across young, healthy group, tDCS appeared to have no 

significant effect over sham condition at F3 (EEG 10/20 positions on international system) and these 

results may be procedural such as enhancing recall but not recognition (Bartl et al., 2020; Leshikar et 

al., 2017). Examining these factors separately would be advantageous in a clinical group setting to 

establish if this differs significantly to healthy groups.  

 

Neurocognitive effects of MDD have been found to be reversible with treatments (Neu et al., 2005). 

The effectiveness of remediation has been disputed, though, as even with optimal treatment and at 

the point of remission of a depressive episode, it has been found some dysfunctions in cognition 

remain into remission (Reppermund et al., 2007). The extent of any persisting dysfunction is unclear 

(Neu et al., 2005) and may differ in relation to treatment options. Poor resolution of neurocognitive 

symptoms can present as a barrier to resolving any presenting psychosocial dysfunction (Evans et al., 

2014). 

 

Antidepressants and neurocognition 

Initial support for pharmacotherapy improving neurocognitive symptoms was found in a large meta-

analysis including 43 studies included with a total of 4828 participants (Keefe et al., 2014). Weighted 

mean effect sizes favouring treatment over placebo were significantly larger, with a small effect for 

verbal memory (0.10, 0.091 to 0.117) for those receiving monotherapy, using versions of the AVLT 

(CVLT and Repeatable Battery for the Assessment of Neuropsychological Status [RBANS]) and visual 

memory (0.44, 0.436 to 0.452) showed the largest effect size for those with an augmented 

treatments using RBANS, visual recall and reproduction. The results from this meta-analysis also 
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suggest augmentation therapy may assist those who have symptoms that remain following a 

successful monotherapy treatment regime (Keefe et al., 2014).  

Expanding on Keefe’s results, a longitudinal meta-analysis was conducted to address both pre- and 

post- cognitive deficits in MDD across inpatient and outpatient settings (Bernhardt, Klauke & 

Schroder, 2019). Changes were compared against healthy controls for 16 studies with a total of 859 

participants. There was a small improvement in all cognitive measures (g = 0.17–0.35). For the MDD 

intragroup changes, a significant and small effect (p=<0.001) was found in verbal memory (g=0.27, 

0.14–0.40, SE= 0.07, Z= 3.97), nonverbal memory (g=0.19 0.09–0.30 SE=0.05, Z=3.69), verbal fluency 

(g=0.35, 0.19–0.52, SE= 0.08, Z= 4.20) and global cognition (g=0.27, 0.16–0.37, SE=0.05 Z=4.91) but 

none for the control group. For comparison effect for test-retest processing speed, nonverbal 

memory, verbal fluency, and global cognition, no significant differences were observed between the 

test-retest effect sizes, indicating that there was no significantly different improvement between 

controls and MDD patients. For verbal memory, the MDD patients improved significantly more than 

healthy controls. No difference was found between other measures. For verbal memory and 

nonverbal memory, no subgroup analyses could be conducted as only one inpatient and no study of 

outpatient treatment was present. For verbal memory, mean age was a significant moderator 

variable (B = −0.012, SE = 0.003, p = 0.000), with younger patients showing a significantly larger 

improvement in cognitive functioning in the domain of verbal memory than older patients. The 

percentage change in depression severity and time between assessments had no significant 

influence on the effect sizes (Bernhardt, Klauke & Schroder, 2019). 

 

In a prospective case-control trial, participants were assessed following treatments of SSRI, SNRI and 

vortioxetine and other pharmacological treatment (not otherwise stated) (Çökmüş, et al., 2021). 

Participants were assessed from baseline every 2 weeks until week 8, then assessed at week 12, 

then responder group only at week 16. Despite remission being achieved, neurocognitive symptoms 
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continued to be present based on digit symbol test (DSST), assessment speed and sustained 

attention (Çökmüş et al., 2021).  

Neurocognitive effects on novel treatment such as ketamine have been explored as a direct 

comparison to electro-convulsive therapy (Basso et al., 2020). Ketamine was found to have a large 

and significant effect on percentage scores across the assessed domains (attention, visual memory, 

and executive function), composite scores showed a small significant improvement of these 

neurocognitive domains. Whereas ketamine and ECT saw a small but significant decrease in verbal 

memory. This was expected for ECT as it is known to cause transient neurocognitive impairment 

(McClintock et al., 2014) but not ketamine and one explanation for this may be that the initial 

response to treatment sees a decline in verbal memory with a resolution or improvement post 

treatment (Basso et al., 2020). 

 

Psychotherapy and neurocognition in MDD has been less researched. The extent to which different 

psychotherapies impact neuropsychological components is not known and would be an area for 

consideration for future research. There are some emerging promising results for CBT and other 

forms of therapy such as the longitudinal changes of MDD in an outpatient setting following CBT 

treatment, found small improvements on attention, figural memory, and processing speed 

(Bernhardt et al., 2021). Further, MDD with more severe neurocognitive profile have greater effect 

of remitting with CBT than non-remitters suggesting CBT to be effective for participants presenting 

with neurocognitive symptoms (Metts et al., 2018). The neurocognitive profile was considered as a 

complete battery and as such, unique composites were not examined so were unable to stipulate if 

a specific cognitive domain excelled (Metts et al., 2018). 
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Combination therapy has been explored in relation to neurocognitive effects. Interpersonal and 

social rhythm therapy (IPSRT), a form of interpersonal therapy, was compared with a hybrid version 

incorporating cognitive remediation (IPSRT-CR) (Douglas et al., 2022). There was no significant 

difference between groups on global cognition, the primary outcome of the study, however, there 

were some moderate effects observed in learning. Distractor list recall significantly improved at the 

end of treatment (12 months) in the IPSRT-CR group. At follow up (18 months), total learning. 

Though Douglas et al (2022) present these results cautiously due to the potential for a type 1 error in 

their design, which required a protocol change (Douglas et al., 2022). It does raise the potential for 

unique verbal learning changes posited by Basso et al (2020) that occur only post-treatment. 

 

A comprehensive critical review of neurocognitive effect of neuromodulation (McClintock et al., 

2020) provides a summary of the cognitive effects found in MDD. This review provides oversight of 

acute effects of affective bias, and acute nonaffective change in processing speed, and visual 

attention and potential mechanism of action underlying antidepressant effect of neuromodulation 

(McClintock et al., 2020). 

 

Cognition and treatment action of tDCS 

It is well understood there is a delay to the antidepressant response and this delay is explained by 

time required to develop implicit emotional processing positive bias and is probable that requiring a 

relearning of new associations to emotional stimuli (Harmer & Cowen, 2013; Godlewska, 2019).  

 

Improving recognition in an emotional face recognition task, most notably for positive faces, was 

seen following anodal tDCS (Nitsche et al., 2012). This suggests stimulation of the left DLPFC could 

act as a possible method of antidepressant treatment.  Previous results of left anodal tDCS 
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supported this notion in enhanced down-regulation of negative emotions both online (during tDCS; 

Peña-Gómez et al., 2011) and offline (after tDCS session was completed; Maeoka et al., 2012). 

Offering further insight of the concept, clinical depression trials have shown an increased accuracy 

but not in response time (RT) or speed on an affective go-no go task (Boggio et al., 2007). 

Differences in RTs were found in valenced words on an emotional Stroop task, with a significant 

effect on non-neutral vs. neutral and positive- vs. neutral-words and no effect for accuracy within 

MDD (Brunoni et al., 2014).  It is possible there is a cascade with corrected attentional biases to 

emotional information (Wolkenstein & Plewnia, 2013), which lead to emotional processing 

improvements and an enhancement of working memory in both MDD and healthy controls (Fregni 

et al., 2005; Oliveira et al., 2013; Wolkenstein & Plewnia, 2013) with the use of a single tDCS session. 

The specific improvement in emotional working memory in patients and not healthy controls 

following a single session of DLPFC tDCS, further indicates a potential cognitive target for its 

antidepressant effects (Moreno et al., 2015). Furthermore, there are significant improvements on a 

battery of cognitive testing including Paired Associates Learning (PAL) and Spatial Recognition 

Memory (SRM) and Rapid Visual Information Processing (RVP) following multiple sessions of tDCS 

(Salehinejad et al., 2017). This would suggest that an underlying mechanism of bias in depression lies 

with cognitive control deficits (Salehinejad et al., 2017).   

 

Emotional processing predates antidepressant response and may underpin to some degree the 

antidepressant action of tDCS (Godlewska, 2019). A neurocognitive model in MDD purports an 

exertion of control from the DLPFC of the immediate processing of emotional information (Plewnia 

et al., 2015), and on cognitive performance such as attention, cognitive control and working memory 

(Tortella et al., 2014; Ironside & Perlo, 2018). Stimulation of the dorsal network improves top-down 

control over ventral limbic regions (i.e., hippocampus and amygdala) (Spezia Adach et al., 2015). 
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The current underlying theory of treatment action and how this relates to potential neurocognitive 

effects are not fully understood. It appears that tDCS has the same action in relation to emotional 

processing but conceptualising under the existing cognitive neuropsychological (CNP) theory poses a 

challenge (Godlewska, 2019). 

 

Several theories have been suggested to explain the quicker response in symptoms change. The first 

being the magnitude of effect is larger and in turn, the period required for interaction with the 

environment is shorter to see these effects to meet a clinical improvement (Godlewska & Harmer, 

2021). The second is symptoms improvement happen earlier in neuromodulation and this facilitates 

social interactions and formation of positive biases (Godlewska & Harmer, 2021).  

 

Novel treatments (ketamine) being experimented in rodent models around negative affective bias 

are providing insights into the understanding of the role of memory in antidepressant treatments. It 

was found that traditional antidepressant treatment affects positive bias acquisition but do not 

affect prior acquired negative memory associations and the retrieval process within bias networks. 

Conversely, this model found ketamine didn’t affect positive bias learning but does remove negative 

associations within the memory network which had been paired with psychosocial stress or 

administration of an anxiolytic through medial prefrontal cortex regions (Stuart et al., 2015). This 

suggests novel rapid-acting drugs may be able to impact established negative memories as they are 

less dependent on the environment and glutamate may give a fascinating insight to form part of the 

hypothesis into understanding the role further (Harmer, Duman & Cowen, 2017). 

 

The domains of cold cognition are dissociable and distinct both psychologically and anatomically 

(Park et al., 2018). The action of tDCS in the cold cognition domains could be feasibly different than 

how we understand antidepressants action and therefore further research is warranted, with the 

view of potentially looking at predicters of treatment response (Park et al., 2018). 
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An examination of key cognitive domains (global cognitive functioning, verbal memory, executive 

functioning, attention and working memory) on the effect of tDCS mood-independent cognitive 

enhancement suggest no beneficial effect following a course of tDCS for patients with MDD (Martin 

et al., 2018). Although improvements are seen in these areas after one session (Martin et al., 2018). 

Taken together, these results would suggest there are no cumulative, or lasting cognitive effect 

(Martin et al., 2018).  

 

Not included in the recent meta-analysis by Martin et al., (2018) and in direct contrast to the results 

presented, an international study using a sample including both MDD patients and bipolar patients 

used tDCS in 2 doses (2.5 mA for 30 min) or low dose (0.034 mA), for 30 min for a total of 20 sessions 

across 4 weeks (McClintock et al., 2020). Significant improvements were seen across patients, time 

and in multiple cognitive domains including in verbal learning and memory, selective visual 

attention, auditory attention, and information processing speed irrespective of dose (high or low 

dose tDCS; McClintock et al., 2020). 

 

More studies are required which address a design which are seen across drug studies with a 

participant baseline assessment after short term or acute treatment and at the point clinical 

response is seen (Godlewska, 2019). 

 

4.1 Auditory Verbal Leaning Test 

The AVLT (Rey, 1964) was created as a measure of rote verbal memory where a participant is asked 

to repeat facts or figures to memorise them (Lezak et al., 2004). The AVLT can assess different 

domains in memory (immediate memory, new learning, retroactive and proactive interference, and 

recognition) (Rey, 1964; Lezak et al., 2004). There is also an affective word list version which include 
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positively and negatively valenced words (Snyder & Harrison, 1997).  This would be conducted in the 

same way to understand affective learning. 

 

The test consists of 5 practice trials of a neutral (non-affective) word list (Lezak, et al., 2004).  Each 

list requires attention and short-term memory, as these are required through the whole trial. 

Attention and short-term memory are particularly required for trial I and VI. Trials I-V assess verbal 

learning and memory through the learning curve across these trials, the total acquisition. A 

distractor list (i.e., List B) is then administered with different, unrelated neutral (non-affective) 

words. Trial VI assesses the immediate recall after a distractor list. Delayed recall and recognition are 

assessed after 30mins or more in trial VII and VIII (Correia & Osorio, 2014; Lezak, et al., 2004).  

 

In addition to the assessment of immediate and delayed recall, and recognition, errors and specific 

faults can form another source of information that can infer attention, memory, and learning 

performance (Lezak, et al., 2004). An example of this can be repeated words or recall, which can be 

used as an index of inattention, difficulty with spontaneous recall or inappropriate use of the 

environmental feedback. Alternatively, intrusion words that were not on the list might be 

considered false memory or confabulation (Corriea & Osorio, 2014). Difficulties in monitoring might 

be suggested with repetition of these intrusions. Monitoring difficulties may also be seen, following 

the repetition of question words, though individually, this might be a display of insecurity. 

Measuring proactive and retroactive intrusions through List A (trial VI) and List B (trial VII) can be 

considered an example of interference (Corriea & Osorio, 2014; Lezak, et al., 2004). 

 

The AVLT is sensitive to numerous neurological and psychiatric disorders, such as AD, epilepsy, and 

depression (Spreen et al., 2006).  Age, gender, education, and IQ can be moderating factors to AVLT 
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(Uchiyama et al., 1995; Van der Elst et al., 2005), with age being the strongest predicter on 

performance (Van der Elst et al., 2005). Education has been cited as a moderating factor (Uchiyama 

et al., 1995). Age and education negatively and positively correlate respectively, with performance 

scores (Mitrushina et al., 2005; Spreen et al., 2006), though appears to be specific to the subgroup of 

males and an inpatient status (Uchiyama et al., 1995). 

Repeat assessments over time can detect changes over the period of treatment or post-treatment. 

Repeated use of the same form or test in this manner could confound the assessment due to 

practice effects (Hawkins & Sayward, 1994), particularly if the same form is used for each task. To 

allow for retest ability within short time frames, multiple alternative forms have been developed. Up 

to 6 alternatives to Rey’s (1964) original are available (Crawford, Stewart, & Moore, 1989; Geffen, 

Butterworth, & Geffen, 1994; Madjan, Sziklas & Jones-Gotman, 1996) and they do not differ in terms 

of difficulty. Though, each make a direct comparison is made with Rey’s AVLT (1964) and are equal 

to Rey (1964) but not necessarily equal to each of the other retest forms (Hawkins, Dean & Pearlson, 

2004). Considerations should be made to the limited studies making comparisons between the 

alternative forms and the limited overlap in terms of relative scoring and statistical findings of 

alternative forms.  The data currently available would suggest any of these differences are minimal 

(Hawkins, Dean & Pearlson, 2004). 
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4.2 Rationale for this study 

Using tDCS treatment as an at-home treatment is a relatively new concept and there have been 

limited studies looking at whether there has been any effect or difference in effect across the 

cognitive spectrum in clinically depressed patients. This study would aim to add knowledge to this 

limited base within a feasibility study design and using the current knowledge base of clinically based 

neuropsychological assessment.    

 

4.3 Aims and Hypothesis 

Aim 

The aim will be to assess three outcome areas from AVLT (Rey, 1964): total learning, learning over 

trials, short-term percentage retention, to see if these aspects are affected by tDCS treatment over 4 

timepoints (baseline - classed as V1, post V1, V10 and V21 - end of treatment). Covariates of the 

change in HAMD and SDS over time will be addressed in a repeated measures analysis of covariance 

(ANCOVA). 

 

Research Question 

Question: Does verbal learning improve over time following tDCS treatment for MDD?  

 

Hypothesis 

It is expected those who have had a response to treatment will also improve across two areas of 

total learning and learning over trials. An exploratory review of short-term percentage retention 

(STPR) which would follow the line of the earlier area: i.e., if total learning and learning over trials, 

this may allow to posit an improvement of STPR.  
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4.4 Methodology 

Overview 

The study design is described to include how the assessment was conducted in the context of the 

feasibility study and collection of the data is defined. This section will describe the participants and 

enrolment to take part in AVLT (Rey, 1964) as part of a feasibility study. The tDCS montage and 

parameters are provided here as a protocol for the treatment of MDD. 

 

Study design 

A within-subjects design was adopted for this study. The independent variable was time for each 

outcome measure. Tasks were completed offline within 30 mins of the stimulation ending. The 

stimulation sessions were part of a treatment protocol consisting of 30 mins sessions completed at 

roughly the same time for each participant. The first 3 weeks were 5 tDCS sessions per week, with a 

couple of participants completing 4 tDCS sessions on week 1 due to restrictions within the Flow 

Neuroscience app. The study then reduced sessions to 2 tDCS sessions per week for 3 weeks. 

The total time of stimulation and current intensity (2mA) was within the safety recommendations 

and standard experimental protocols (Nitsche et al., 2003). All reported adverse effects of tDCS were 

mild and expected (Brunoni et al., 2011).  

 

Participants 

All participants were enrolled in at-home tDCS acceptability and feasibility study and were enrolled 

through this study. The demographics of participants who agreed to complete this assessment are 

described below (n=21). All participants were aged 18 or older. All participants were assessed to be 

experiencing a current depressive episode (17-item HAMD ≥ 16) using MINI and were engaged in 

some form of treatment, either taking a stable dose of anti-depressant or psychotherapy (either 
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face-to-face or online CBT). The assessments and clinical history were reviewed with a consultant 

psychiatrist. No participants were classed as treatment resistant (defined by having ≥ 2 or more 

antidepressants). The full eligibility criteria can be found on p. 49. 

 

tDCS Montage and Parameters 

All participants included in the AVLT analysis used the same tDCS device (Flow Neuroscience). The 

tDCS device used 2 sponge electrodes with a surface area of 35cm² which were sealed and pre-

soaked in saline by Flow Neuroscience. The electrodes were opened and placed in the device by the 

participant and the device moved on the head to be positioned at F3, F4 (EEG 10/20 positions on 

international system). Most sessions required additional saline to be added by the participant to 

reduce redness and dry skin as a side effect and increase contact to reduce burning sensation as a 

side effect.  

 

The return electrode refers to the electrode which is not stimulating the site of interest (in this 

study, the return electrode is the right DLPFC to represent the current flow being directional from 

the stimulating electrode (positioned at the left DLPFC) to the return (the right DLPFC) and 

eliminates the assumption of a unidirectional flow of current (Antal et al., 2017; Bikson et al., 2010; 

Woods et al, 2016). The stimulation ran for a constant 30 minutes and was powered and controlled 

by the participant. The participants were aware they could stop the session at any time and would 

inform the researchers if this was their choice. No sessions prior to assessment were stopped before 

the end of the 30 minutes.  
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4.5 Materials and Methods 

Overview 

This section will summarise the assessments used with an example list of words for practice and 

distractors, and the outcome measures for the study are outlined. All assessments were either 

clinician-rated pen and paper tasks or verbally completed by participant. 

 

Assessment 

A clinical assessment was conducted which included demographics and health and treatment history 

were completed by a researcher under supervision by a consultant psychiatrist at baseline during a 

2-hour session. Ammons Quick Test was used to measure IQ scores (Ammons & Ammons, 1962) on 

the first session. The AVLT was administered at over the 4 timepoints baseline (classed as V1 prior to 

treatment), immediately after V1, V10 and V21 (Rey, 1964) and administration details are detailed 

under data collection. Participants were given the tests in a random order for administration over 

the 4 time points. 

 

Mood scales and side effect screening were conducted as part of the clinical trial. These included 

HAMD-17 (Hamilton, 1960) and SDS, administered at V1 (baseline), V10 and V21 (Sheehan & 

Sheehan, 2008). Some were conducted as part of the trial but not included in this analysis (HAMA, 

Hamilton 1959; PHQ-9, Kroenke, Spitzer & Williams, 2001; and AEQ; Brunoni et al., 2011)). 

 

A final visit was offered for participants who did not complete the successive visits. Further, at each 

visit, the following assessments were performed: 17-item HAMD (Hamilton, 1960), and the SDS was 

administered at this time (Sheehan & Sheehan, 2008). 
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To assess memory and verbal learning, the Rey AVLT (Rey, 1964) was used to assess these aspects of 

neuropsychological functioning. To attempt to reduce practice effects, different forms of AVLT were 

used at each different testing occasion (Crawford, Stewart, & Moore, 1989; Geffen, Butterworth & 

Geffen, 1994; Madjan, Sziklas & Jones-Gotman, 1996) and were counterbalanced using pre-

identified excel sheet in a random order, created by a researcher (RR). 

 

Figure 7.  Example List (Geffen, Butterworth & Geffen, 1994). 

List A List B 

Pipe Bench 

Wall Officer 

Alarm Cage 

Sugar Sock 

Student Fridge 

Mother Cliff 

Star Bottle 

Painting Soap 

Bag Sky 

Wheat Ship 

Mouth Goat 

Chicken Bullet 

Sound Paper 

Door Chapel 

Stream Crab 

 

 

Outcome measures  

The outcome measures from the AVLT were: 

1. Total learning (the total number of words learned over the first 5 trials) 

2. Learning over trials (LOT) = The sum of words remembered across Trials 1–5, corrected for 

immediate word span (Trial 1):  

 

LOT= (Sum of Trials 1-5) – (5 x Trial 1 score) 
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3. Short-term percentage retention (STPR) =Trial 6 recall expressed as a proportion of Trial 5 

recall:  

STPR = 100 x (Trial 6 recall/Trial 5 recall) 

 

 

The 17-item HAMD (Hamilton, 1960): 

Response to treatment was defined as a minimum of 50% reduction from the week 0 (baseline) 17-

item HAMD, total score. Remission was defined as an endpoint 17-item HAMD total score of ≤ 7 

(Hamilton, 1960).  

 

Sheehan Disability Scale (Sheehan & Sheehan, 2008) 

The SDS scored a brief, patient rated measure of disability and impairment on three Likert scales 

from 0-10 (work/school, social life, family life/home responsibilities) (Sheehan & Sheehan, 2008) and 

was assessed at the same time as AVLT (Rey, 1964). The scores were given using a visual analogue 

scale: 0 (no impairment), 1–3 (mild), 4–6 (moderate), 7–9 (marked) and 10 (extreme) disability. The 

maximum total score is 30 and the higher the score, the more impairment has been perceived by the 

participant. 

 

Data collection 

Two researchers (RW and RR), trained in the use and administration of AVLT (Rey, 1964), completed 

the assessments with participants, via an online video call.  Participants were rated by the same 

researcher in the study, i.e., the rater completed both treatment sessions and completed the 

assessments at all timepoints. Data were collected 4 timepoints of assessment. Participants who 

finished early (n=1) had their LOCF. 21 of 26 participants completed all assessment points. 
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Participants were asked to complete the test in the same environment (i.e., at the same desk space, 

in the same room) for each of their assessments and to allocate space and time where they would 

not be distracted for the duration of the test. The assessment was completed at roughly the same 

time for each participant. Participants were informed of the instructions whilst online by researchers 

reading to the participants each time the assessment was completed. The word list was then read to 

the participants, and responses noted. In line with the guidelines of the test, this same list was 

repeated 5 times, then a distraction list was read, and a final free recall of the practice list was 

requested from the participants. The delayed recall (post 30 mins) was not completed due to the 

confines of the study. 

 

Statistical analyses 

Data were compared using a range of statistical tests. A LOCF method was used for patients who 

completed the study before the full 6 weeks of treatment. In point (i) age, gender, IQ and years of 

education were compared using Chi-square analyses, ii) AVLT (Rey, 1964) and iii) change scores at 

V21 for depression and SDS were used. The analysis for (ii) and (iii) were completed at V1 (baseline), 

post V1 (immediately post intervention), V10 and V21 and change score from V1 (baseline) to V21 

respectively. 

 

To examine the effect of time on AVLT (Rey, 1964), a series of repeated measures analysis of 

covariance (rmANCOVA) were conducted. Time was used as the repeated measure independent 

variable (i.e., V1 (baseline), post V1 (post intervention), V10 and V21) and AVLT total learning, LOT and 

STPR as the dependent variable (DV). The covariates included were baseline scores for HAMD and SDS. 

Age, gender, education, and IQ were also included as covariates. Exploratory correlation analysis was 

conducted using Pearson’s r to see if association between baseline scores of 17-item HAMD and SDS 

were correlated to AVLT scores.   



 
 

207 
 

Statistical analyses were carried out with SPSS 26.0 (IBM, 2019). The results will report exact p 

values, the alpha level used as a significance criterion was set at P=<.05 

 

4.6 Results 

Descriptive results 

This study included 21 of 26 participants from the feasibility study. The majority were female (n= 

16). The age ranged from 19-73 (mean 39.90, standard deviation (sd) 14.233). The years of 

education ranged from 12-18 years (mean 15.48, sd 2.294). IQ, as measured by Ammons (Ammons & 

Ammons, 1962), ranged from 83-110 (mean 101.10, sd 7.873). Ethnicity was reported as n=13 as 

White British, n=3 as Mixed heritage (Black and White), n=2 as Black British, n= 1 as Chinese, n=1 as 

Pakistani and n= 1 as Sephardi Jewish.  

 

21 participants completed 4 timepoints and 20 participants completed them at the allocated 

timepoints. One participant completed earlier by a few sessions due to a fault in the device and this 

assessment was included using LOCF. 

 

For all analyses that follow assumptions were checked during analysis, no assumptions were violated 

unless otherwise stated. The data was normally distributed as shown in QQ plots (examples in 

Figure. 8). Equal variance was examined in the ANOVA. There were no significant interactions 

between age, gender, IQ and years of education. 

 

Figure 8. Example of Q-Q Plot – LOT v10  
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ANCOVA analysis 

Prior to running the ANCOVA analysis, a one-way ANOVA was conducted, and the results are below 

in Table 7. An exploratory correlational analysis with the prospective covariates.  

Table 7 show the mean and standard deviation of AVLT total learning, LOT, and STPR. 

 

 

 

 

 

 

 

 

 

 

Table 8 shows there was no effect of time and no effect of the interactions with chosen covariates 

(17-item HAMD percentage change at visit 21) and time. 

Table 7. Means and standard deviation of AVLT  
 

 
Measure 

 
Baseline 

 
Post-session 1 

 
Post-session 10 

 
Post-session 21 

 Mean SD Mean SD Mean SD Mean SD 
AVLT (n=21)         
Total 
learning 

64.57 14.07 61.00 13.81 62.05 12.27 58.62 13.83 

Learning 
over trials 

30.05 13.55 28.86 9.275 25.62 9.81 22.90 8.79 

Short-term 
percentage 
retention 

87.86 17.55 79.21 13.87 85.50 18.54 82.10 21.56 
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Table 8. ANOVA and ANCOVA for total learning, learning over trials and short-term percentage 
retention 

 

 

 

 

 

 

 

 

(ANOVA, analysis of variance; ANCOVA analysis of covariance which include age, years of education, IQ, and baseline 17-

item HAMD and SDS at V1, significance set at p=<0.5) 

 

There was no main effect of time in the ANOVA or ANCOVA. All interactions with covariates (Age, 

years of education, IQ, 17-item HAMD V1, SDS V1) were not significant. There was an observed trend 

towards significance in the total learning (time) and years of education interaction (F (df)= 2.703 (3, 

45), p= 0.057). There was an observed trend towards significance in LOT (time) and age interaction (F 

(df)= 2.685(3, 45), p=0.058). No trends were observed in STPR. 

 

Correlations 

There were some significant positive correlations total learning baseline and the baseline (r=.638, 

n=21, p= .002) and post V1 (r=.603, n=21, p= .004) and visit 21 (r=.517, n= 21, p=.016) LOT. There 

was an observed significant positive correlation between total learning and LOT at visit 10 (r=.556, 

n=21, p=.009) and visit 21 (r=.659, n=21, p=.001). 

SDS visit 1 scores positively and significantly correlated with LOT at visit 10 (r=.515, n=21, p=.017). 

SDS visit 10 significantly correlated in a positive fashion with the baseline total learning (r=.437, 

n=21, p=.048), as well as post visit 1 (r=.600, n=21, p=.004) and visit 10 (r=.451, n=21, p=.040) but 

not visit 21.  SDS visit 10 was correlated to LOT post visit 1 (r=.444, n=21, p=.044). 

Measure Time (ANOVA) Time (ANCOVA) 

 Df F P Df F P 
AVLT (n=21)       
Total 
learning 

3,54 .696 .559 3,45 .681 .568 

Learning 
over trials 

3,54 .808 .495 3,45 .735 .537 

Short-term 
percentage 
retention 

3,54 .246 .864 3,45 .357 .784 
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SDS visit 21 was significantly positively correlated with post visit 1 (r=.450, n=21, p=.041) and post 10 

(r=.459, n=21, p=.036) total learning scores.  

 

Only one correlation was established between AVLT measures and HAMD scores from visit 1, visit 

10, and visit 21. This was a significant and positive correlation between visit 10 HAMD scores and the 

LOT post visit 1 (r=.439, n=21, p=.047). All correlational results included in the appendices. 

There was no interaction between change of HAMD, but there were interactions between AVLT 

timepoint and with change of SDS.  
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4.7 Discussion 

The AVLT (Rey, 1964) was performed to assess total learning, LOT, and STPR across 4 timepoints. The 

assessment was completed as part of a 6-week study of active tDCS treatment for MDD. A repeated 

measures ANCOVA was performed for each outcome measure and there was no significant effect of 

time or significant covariate effect of HAMD and SDS for any of the investigated areas of interest 

(total learning, LOT, or STPR). A trend was observed between total learning (time) and years of 

education interaction and an observed trend towards significance in LOT (time) and age interaction. 

No regression analysis was undertaken as this is effectively incorporated into the ANCOVA analysis, 

through the assumption of the homogeneity of regression slopes. Exploratory correlations showed 

multiple relationships between total learning and LOT. There was also a positive between SDS and 

total learning and LOT.  

 

Martin et al (2018) found there were no overall cognitive benefits of multiple sessions of tDCS as 

measured by AVLT (Rey, 1964).  These results contrast with McClintock et al., (2020), who found a 

significant difference verbal memory (an AVLT measurement) and specific genes (BDNF Val66Met 

and COMT Val158Met polymorphisms) interacted with verbal memory and verbal fluency outcomes. 

Genetic testing was beyond the scope of this study but could offer on explanation as to why we 

found some differences. There is some discussion around the age of onset in depression consisting 

of a larger factor to overall cognitive deficits as part of this presentation (Bora et al., 2014). While 

the average age across both groups (high dose and low dose) in McClintock’s study (2020) were 

higher than seen in this study, the age of onset is typically unreported outside of LLD. Another 

exploration may be the severity of cognitive deficit at baseline, this is not commented on. Further, 

McClintock’s study includes participants that might be considered as treatment resistant and as 

such, it is possible these participants have more persistent cognitive effects.  
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The results found in this study may suggest tDCS does not remediate verbal memory cognitive 

effects at the earlier point of response or remission. It has been noted the stability and course of 

cognitive effects found in MDD can last into remission (Gruber et al., 2007). With this, it might be a 

consideration to continue neuropsychological testing at post 1 month, 3 months and 6 months, to 

assess a more longitudinal time frame.  

 

The trends of total learning (time) and years of education interaction and LOT (time) and age 

interaction are unsurprising. It may be logical to consider that higher years of education may impact 

the total learning. This may be due to other factors other than tDCS such as improved learning skills 

or higher cognitive reserve ability. Age is recognised as a moderating factor to both cognition and 

social functioning relationship (Cambridge et al., 2018; Semkovska et al., 2019). As age increases, 

cognitive ability can become more impaired. In the feasibility study included in this thesis, there was 

no global cognitive exam to control for global cognitive changes. LOT was originally introduced to act 

as a more accurate assessment of learning as it considers all 5 learning trials. It may be that verbal 

memory and in particular, LOT, a focus of increased learning is an aspect affected by tDCS (Can et al., 

2015). Alternatively, given the results are taken from a pilot feasibility study and not adequately 

powered, it may be learning is one of the early effects of tDCS treatment in MDD and could be an 

area of future interest. 

 

There are also differences reported in relation to monotherapy or augmentation (Keefe et al., 2014). 

This group were all engaged in a first line treatment, either antidepressant or therapy and 

commenced tDCS as well. It was suggested that augmentation may assist in remediating any 

persistent cognitive alteration. This was not observed within this group. This could have been for 

multiple reasons, the timeframe for mood effects and cognitive effects may be different. tDCS seems 

to have a quicker response time on classical mood symptoms and given that some cognitive deficits 
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remain even in remission, it is reasonable to conclude that there is a cognitive ‘lag’ that remains 

following tDCS also. 

 

This analysis also did not explore any group difference within MDD such as melancholic vs non-

melancholic. Melancholic typically were more depressed (Zaninotto et al., 2016) and it has been 

identified depression (without anxiety) influences immediate recall, which is what has been assessed 

in this analysis (Kizilbash et al., 2002). Further, this research does not have a control group to 

compare so there is limited comparison statement that can be made. This would be a consideration 

for future research looking at this type of sample of participants. 

 

More global cognitive improvements have been noted to have a significant change (Rock et al 2014) 

as well with SDMT (Smith, 1991) which investigates processing speed (McClintock et al., 2020). Other 

factors such as age, severity show a persistence of cognitive disturbance or non-improvement 

(Semkovska et al., 2019). Without a control group, it is difficult to make a distinction between these 

factors.  

 

It is possible other factors that were not assessed may have been significant such as the delayed 

recognition. This was found to uniquely predict response of treatment for ‘CBT only’ in MDD in 

contrast to a combination treatment of CBT and anti-depressants (Kundermann et al., 2015). This 

supports how treatment the participants received may affect neuropsychological outcomes. The 

group was split in terms of treatment (57% medication, 43% CBT). There is limited research that 

tDCS has been shown to increase performance accuracy in delayed recognition both health control 

and depressed patients (Giglia et al.,2014; Salehinejad et al., 2015). Looking at more comprehensive 
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neuropsychological assessments, combined with untangling the group differences and treatment to 

gain greater understanding.  

 

There is also potential for participants to be fatigued by the test, which could act as a limitation. 

Though, effort was a consideration for researchers and discussed throughout the study, there can be 

a negativity bias effect based on the participant perception of how they are performing in the test 

which can inform the results (An et al., 2017; Boone, 2009). Another potential confounding factor 

within the design of the study is having an assessor as the researcher who gave the tDCS treatment. 

As was the case for the clinical trial in this thesis. This could also lead to a bias depending on the 

therapeutic relationship the researcher has with the participant and may impact on the empirical 

nature of the data collection.  

 

Future directions could look at different aspects of AVLT such as distractors and intrusions. 

Distractors is the list B of words used in between learning the trials and initial recall of words. 

Intrusions are words not on the list being practiced or recalled. These are examined under a 

different process and can provide meaningful data in the effects of tDCS (Can et al., 2015). Another 

consideration could be to look at affective vs non-affective AVLT word lists. There is an established 

evidence base for affective changes in tDCS in both healthy and MDD groups (Boggio et al., 2007; 

Fregni et al., 2005; Nitsche et al., 2012; Peña-Gómez et al., 2011; Oliveira et al., 2013; Wolkenstein & 

Plewnia, 2013). Using these together could allow for a direct comparison between hot version cold 

verbal memory skills to investigate any changes over time. 

 

A more complete battery of neuropsychological assessment may also help to explain these results. It 

has been common to see a reduced response in verbal memory at the point of remission because of 
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antidepressant treatment (Bernhardt, Klauke and Schroder, 2019) and tDCS treatment (McClintock 

et al, 2020) and to further explore age, severity and treatments as moderators. 

 

The SDS compiles of 3 scores for social, home and work life. Each of these could be individually 

affected by MDD and equally respond in different ways to treatment. Being able to assess early 

responding symptoms across social functioning could be supportive and complimentary to future 

treatment regime. Future research could consider assessing each score on the SDS in an individual 

manner. 
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Chapter 5: Overview of Thesis Research Findings 

Chapter Overview 

This thesis has sought to bring together three key areas of research that add to this relatively new 

research topic. This chapter serves as a complete overview of the research programme I have 

undertaken. The chapter will include a brief overview of what at-home tDCS is, the clinical trial 

underpinning these projects and each project undertaken for this thesis. The discussion will be 

positioned with at-home tDCS as the novel procedure against the more typical clinically based tDCS. 

It will demonstrate the use of both quantitative and qualitative research methods to answer 

questions raised from the gaps in the literature for this research. Both results and findings will be 

discussed in relation the methodological approach and decisions. It will also include the unique 

position the COVID-19 pandemic has played in the research and how this could impact how we 

deliver this treatment and care in general for people who are depressed.  

 

5.0 A meta-analysis of randomised controlled trials of tDCS in late-life depression 

TDCS is a potential novel treatment that could be offered as an alternative first line treatment within 

the primary care setting. The question of whether there is efficacy and acceptability of tDCS in LLD 

has been addressed in Chapter 2 through Bayesian meta-analytic techniques. The effect on efficacy 

and acceptability in LLD remains unclear. 

 

Anodal left DLPFC stimulation was predicted to improve symptoms associated with LLD, when 

compared to sham and considered acceptable in LLD. The continuous outcome measures was 

depression improvement expressed as a z-score and categorical measures of response and 

remission. For acceptability, dropout rates were calculated and expressed in percentage, and 

association measured as odds ratio. To assess the efficacy and acceptability, one eligibility criteria 
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were active vs sham tDCS randomised control trials. This posed a challenge as no tDCS RCTs 

specifically for LLD have been completed. The individual participant data were taken from existing 

trials of a wider age range (18+) which included unipolar and bipolar depression.  

 

Using Bayesian multilevel modelling for IPD meta-analysis, treatment with tDCS was associated with 

a reduction of SMD = -0.14 (95% credible interval [-0.44; 0.15]) in depression scores, relative to sham 

tDCS, which was not statistically significant. An average effect of tDCS across studies showed 82% 

probability that tDCS treatment has at least a small effect (change in symptoms score < 0) in improving 

depressive symptoms in LLD, based on estimated posterior distribution. There was no evidence of 

significant main effects of age or their interactions with treatment, though samples sizes were small. 

There was also no significant main effect of treatment resistance or illness duration. Sensitivity 

analysis using a two-step IPD frequentist meta-analysis with LOCF showed similar results, with tDCS 

treatment associated with a reduction of -0.12 (95% confidence interval [-0.34; 0.12]). 

 

The Bayesian analysis showed a high probability of a small reduction in the mean depression scores. 

The potential for an effect in reducing SMD of mood scores provide some hope tDCS could be an 

alternative treatment for LLD. As discussed in Chapter 2, the currently available treatments for LLD 

only offer a limited relief for those experiencing a depressive episode and due to limited treatments.  

 

Results show there is potential for some effect and the full extent would not be known until a 

focused study is conducted using typical tDCS parameters for a specified treatment group (i.e., LLD 

with treatment resistance). Areas of interest to include in an RCT might be taking detailed history 

around participant age of onset (Van den Berg et al., 2001), current episode length (Tunvirachaisakul 

et al., 2018), treatment and treatment history (i.e., refractoriness of episodes, Brown et al., 2020), 

co-morbid physical illness (Tunvirachaisakul et al., 2018), co-morbid treatments, cerebrovascular 

activity (i.e. WMH) (Kim & Han, 2021), history of childhood abuse (Wielaard et al., 2018), current and 
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prospective cognitive profile assessment (Kumar et al., 2020), as well as other demographic 

information such as ethnicity (Vyas et al., 2020), social support (Werner-Seidler et al., 2017). Using a 

similar feasibility study to the one included in this thesis may be of benefit to focus and establish the 

potential to recruit an older population into a tDCS trial and look at aspects of a randomised control 

trial such as efficacy, side effects and acceptability assessments.  

 

There is limited data available to fully understand efficacy of tDCS in LLD. However, use of tDCS as a 

clinical intervention has been successfully trialled in the older adult population for multiple different 

disorders such as AD and MCI (Wang et al., 2021), amyotrophic lateral sclerosis (Sivaramakrishnan et 

al. 2019) osteoarthritis (Ahn et al., 2018) and falls risk (Yosephi et al., 2018), in addition to a large 

body of research developing in healthy older adults (Indahlastari et al., 2021; Huo et al., 2021; 

Summers et al., 2016). This body of evidence supports the acceptability of tDCS within this late-life 

age group. 

 

The efficacy and safety of different neuro-modulatory techniques have been established as a 

treatment approach for LLD. Particularly, TMS and ECT, among others, were found to be as 

promising novel treatment for treatment resistant LLD (Van Rooij, Riva-Posse & McDonald, 2020). 

With the limited availability of data from tDCS that is currently available, TMS research might 

provide some insight into the potential of tDCS.  

 

The use of TMS as a treatment for LLD in RCTs have established suboptimal results which have been 

found in open label rTMS studies focused on older adults, with 31.6% reduction in depressive 

symptoms and 30% rate of response (Abraham et al., 2007), and 24.7% reduction of depressive 

symptoms and 18.6% response rate (Milev et al., 2009). It has been recognised these studies did use 

parameters that would be considered inferior to current guidelines (NICE 2022). 

 



 
 

219 
 

More recent RCTs have been trialling higher doses to find the most efficacious parameters, for 

example for 5 days per week for 4 weeks, an H1 coil was used at 18 Hz, 120% of resting motor 

threshold, (6012 pulses), over dorsolateral and ventrolateral prefrontal cortex regions and found this 

was safe to use and both tolerated well and efficacious for LLD (Kaster et al., 2018). A higher report of 

pain was found in the active group (16%) compared with sham (Kaster et al., 2018) and is comparable 

to reports of adverse events across other trials (12.4%) (Overvliet et al., 2021). 

 

Higher doses may increase the effectiveness of tDCS. As brain atrophy is associated with the normal 

aging process, decreasing amounts of the tDCS current reach the brain surface due to greater brain 

atrophy.   Suggestions of dose alterations to match the degree of atrophy may be required to 

achieve results that are similarly found in non-atrophied brains (Indahlastari et al., 2020). WMH 

increases seen in aging and later life also present an increased risk of the development of 

depression. Finite element methods (FEM) were employed to assess how vascular change such as 

WMH lesions affect the current being delivered from tDCS. What was found is both current density 

and percentage change between current density values generated within lesion and non-lesion 

areas of the brain demonstrated less current was delivered to brain tissues outside the lesion 

regions and this was caused by WMH (Indahlastari et al., 2021). This means both those later in life, 

and those with vascular risks are likely to require adjusted tDCS parameters such as future dose 

customisation to improve efficacy of the tDCS. It is currently unclear what the specific adjustments 

might be as more research is needed.    

 

tDCS has been investigated to measure the effects of neuronal correlates in aging which may provide 

some insights into developing a tailored tDCS protocol specific to later life. A significant reduction in 

GABA level was observed following anodal tDCS (atDCS) when compared with sham tDCS, which 

reflects the preserved neuro-modulatory effect of atDCS in later life. In addition, resting-state 

functional coupling was decreased during atDCS compared with stDCS, most likely indicating 
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augmented efficiency in brain network functioning (Antonenko et al., 2017). As seen in working age 

population, interhemispheric functional coupling reduced with tDCS. In addition, unique to later life 

groups, it was found that an increased age correlated with higher interhemispheric connectivity. This 

suggests functional decoupling induced by stimulation. A further finding relates to neuroplasticity in 

later life, the magnitude of local plasticity induced by atDCS relates to the strength of the functional 

network at their baseline (Antonenko et al., 2017). More research looking at neural correlates in LLD 

may also be of benefit to aid the specified treatment protocols.   

 

In addition to the portability and cost effectiveness (Priori, Hallett & Rothwell, 2009; Sauvaget et al., 

2019), there is a benefit of using at-home tDCS particularly in late-life. TDCS is tolerable and has a 

favourable, well established safety profile (Bikson et al., 2016; Matsumoto & Ugawa, 2017) and has 

particularly been explored in a late-life population. It was found peak electrical fields do not differ 

significantly to those of younger age groups when using the established ‘dose’ of 1-2 mA, however 

the sample was small and was not powered to make any speculations of whether this dose might be 

effective (Thomas, Datta & Woods, 2017). It is well known in LLD, there is a preference for services 

via GP (Unützer et al., 2003) and if a treatment can be applied at home, it is likely to have a high 

acceptability rate. Taking these together, will improve the treatment adherence which can be 

problematic at times within psychiatry (Semahegn et al., 2020). With the increase of open label 

studies (Bares et al., 2019; Kurzeck et al., 2021; Martin et al., 2011) which allows for the extension or 

continued prescribing of the treatment (Taylor & Wainwright, 2005), the potential for a long term 

tDCS would be more accessible for this age group with an at-home device.  

 

With even slight improvements in cognition impacting daily functioning (Begemann et al., 2020), it is 

understandable why cognition may be an interesting target area for clinical groups. Different brain 

functions have been examined and highlighted as potential target areas including working memory, 
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episodic memory, attention, and executive function (Bora et al., 2013; Rock et al., 2014; Semkovska 

et al., 2019). 

 

tDCS intervention in cognitive aging has been focused on a seemingly apparent concern: 

remediation of cognitive decline and the findings are promising. A proposition that tDCS could 

indeed have remediating effects on cognition (Indahlastari et al., 2021b). Inter-individual variability 

on dose response and larger cohorts within studies are two main areas that may enhance cognitive 

remediation. An area that modulates dose response inter-individual variability is both genetic 

polymorphism and aging (Wiegand et al., 2016). Those with a catechol-O-methyltransferase (COMT) 

gene variation, a gene involved in cognitive process and a potential modifier in stimulation, were 

more responsive to tDCS, specifically COMT-val carriers (compared with COMT met/met carriers) 

(Hayek et al., 2021). It has been found that higher tDCS intensity does not always lead to cognitive 

gains and genetic polymorphisms also play a modulating role in working memory. After one session, 

COMT val158met genetic polymorphism predicted significant difference in working memory 

performance. After one month using tDCS paired with a working memory training, there was a 

significant interaction between the intensity of tDCS, COMT genotype and working memory task 

(Stephens, Jones & Berryhill, 2017). 

 

The main limitation to the meta-analysis is the small sample of IPD that was available and then 

included into the analysis. Small samples can lead to a low power and jeopardise the validity and 

generalisability of the effectiveness. Earlier in the previous chapter, it was reported small samples 

can most commonly create a sampling error, leading to bias across all the reportable effect sizes 

with varying extent, though the mean difference was unaffected (Lin, 2018). There are other 

concerns with a small sample such as measurement error, range variation, imperfect construct 

validity of measures, artificial dichotomization of continuous measures, and others (Schmidt & 

Hunter, 2015). In addition, publication bias may interfere with the validity of the results. Typically, 
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effect size and sample size are independent from each other. However, it has been established there 

is a negative correlation (r = −.45 [95% CI: −.53; −.35]) between effect size and sample size which 

suggests a publication bias that appears to be pervasive across psychology with an inordinately high 

number of p values only just reaching significance (Kühberger, Fritz & Scherndl, 2014). 

 

Lack of data within the small sample did not allow for moderator analysis in this thesis meta-

analysis. In structural equation models such as Bayesian approaches, small samples can lead to 

estimation convergence failure, inaccurate parameter estimates and model fit statistics (Wang & 

Wang, 2012). There are challenges with accurate model or group comparisons, having enough 

flexibility to allow for examining complex associations (McCallum et al., 1999; Wolf et al., 2013). 

Randomisation ceases to be effective in a small sample (Schmidt & Oh, 2016). Bayesian methods 

have been established to well handle small sample sizes but are highly sensitive to prior distribution 

specifications to the extent if not well heeded, Bayesian estimates can be more biased than 

frequentist approaches (McNeish, 2016). 

 

Future Directions 

Undoubtedly, there is a need for more data. This means larger samples of older adults within all age 

randomised control trials.  Being more inclusive may mean increased trial promotion within spaces 

this clinical group can be found, such as older adult mental health teams, increased education across 

primary care to provide more opportunities for people with LLD to take part in the research.  

There is beginning to be dedicated RCTs to investigate tDCS within the clinically depressed 

population such as using high definition tDCS (HD-tDCS) and is a novel approach for this age group 

(Wong et al., 2019), mentioned in the earlier chapter. An importance placed on identifying key 

moderating factors such as age of onset, concurrent treatments, and wider subgroups such as levels 

of severity, might the areas to begin focus. Secondary to this, would be addressing the impact of 
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physical and cognitive impairments as well as functional abilities. Finally, investigation into neural 

and neuropsychological correlates using latest technology such as concurrent imaging techniques. 

Subgroups can be considered such as treatment resistant LLD, as well patients with remitted LLD. 

This group can expand the current knowledge base on the longevity of the treatment as well as 

recovery pathway on symptomology, and neurocognitive processes. 

One aspect to consider on reporting future trials would be using CONSORT or other standardised 

methods of reporting should be encouraged, as this will ensure a good standard of reporting 

practice. 
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5.1 Investigating the feasibility and acceptability of at-home tDCS, using a new paradigm 

for qualitative analysis of acceptability  

 

A working definition of acceptability has been proposed to understand this complex construct, “a 

multi-faceted construct that reflects the extent to which people delivering or receiving a healthcare 

intervention consider it to be appropriate, based on anticipated or experienced cognitive and 

emotional responses to the intervention” (Sekhon, Cartwright & Francis, 2017, p. 4).  

 

Qualitative research involves the investigation in a methodical process to acquire new knowledge, to 

understand people’s experiences, seek to make meaning or access meaning of those experiences, 

(Curry, Nembhard & Bradley, 2009; Hibbett et al., 2014; Willig, 2019). Qualitative approaches are 

expanded on in Chapter 3. 

 

tDCS is highly acceptable as a treatment for MDD within clinical settings (Moffa et al., 2020) and can 

be conducted by the participant at home which is known as at-home tDCS (Alonzo et al., 2019). Until 

now, the acceptability of tDCS within depressed clinical groups has been understood in the context 

of quantitative measures such as drop out, all-cause drop out and discontinuation measures (Moffa 

et al., 2020; Mutz et al., 2018, 2019; Razza et al., 2020; Zhang et al., 2021). It is suggested with low 

dropout rates, as found with tDCS in this group, this would imply a high rate of acceptability. 

 

There has not been any qualitative research to understand the patient perspective of acceptability 

on the use of at-home tDCS in depression.  The research conducted in this thesis used the following 

question in a series of pre-defined categories related to this topic: How do patients with depression 

describe the acceptability of using a novel treatment, at-home tDCS? 
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The pre-defined categories will include acceptability as an overall concept, helpfulness, side effects, 

effort and burden, ethicality, self-efficacy and recommendation, and design (Sekhon, Cartwright & 

Francis, 2017). The qualitative analysis provides a thematic review of Sekhon’s (2017) pre-identified 

categories through a standardised set of questions, conducted as semi-structured interviews, and 

allowed to draw some nuances around the treatment, which will be discussed in more detail below.  

 

Four overarching themes were identified: (1) Side effects, (2) Effectiveness (3) Time commitment (4) 

Support, feeling held, contained. 

The subthemes were 1.1. Physical sensation of the treatment and 1.2 side effects from the 

treatment, 2.1 Expectation of tDCS as a treatment, 2.2 Recovery & enhancement: the extent of the 

effectiveness, 2.3 Un/certainty and novelty. Following theme 3 and 4 were the following subthemes: 

3.1 An everyday commitment, 3.2 the convenience of having sessions at home, improving 

acceptability (gaining time), 4.1 Feeling connected by daily visits by the same person 4.2 Being 

observed feels safe versus anxiety provoking. 

 

In atypical enquiry of acceptability quantitative binary data has been taken which informs if a 

participant drops out of the study. If feedback is provided, this can give some information around 

acceptability and tolerability. Otherwise, it is assumed as an all cause non-acceptable/tolerable 

intervention. In relation to the first theme (side effects), we were able to identify a nuance between 

typical side effects and a new physical experience. This may be an important alignment to tease out 

to prevent the over-reporting of side effects and also to classify the reported side effects for 

example short lived side effects due to it being a new physical experience and side effects due to 

application, conduction and diffusion of the electrical current. The former is a very subjective 

experience and did differ from participant to participant, whereas a more practical side effect of 

redness seemed to relate more to ensuring the application of the apparatus was completed correctly 
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and could potentially resolve this side effect. In that when the user or applicator of the device has 

enough saline, careful attention is paid to the condition of the skin, the device is being applied to 

and is positioned in the correct space on the head, this side effect is fully minimised or eradicated. 

Having the differential experiences of side effects could also feed into a more qualitative approach 

to assessing and documenting ‘side-effects’ for tDCS and other novel non-invasive brain 

stimulations. 

 

The second overarching theme found in the analysis was ‘Effectiveness’ with 3 subthemes: 2.1 

Expectation of tDCS as a treatment, 2.2 Recovery & enhancement: the extent of the effectiveness, 

2.3 Un/certainty and novelty.  

 

Effectiveness is an important aspect of all treatments, with improving affective attitude and a 

perceived effectiveness can improve adherence to a treatment protocol (Lin et al., 2003). In an 

obvious sense, someone may not wish to take medication without it being effective in some form. 

The expectation of a treatment may have an enhancing or additive effect on the treatment (Bystad, 

Bystad & Wynn, 2015). Whilst the feasibility trial included in this thesis did not include a ‘placebo’ 

condition/group (which the equivalent is sham tDCS), the outcomes could be positioned for 

conditioning responses (Boehm et al., 2017). An implicit assumption of conditioning responses 

because clinical trials use effectiveness as the difference between response and placebo (or sham in 

this case), additivity is implied (Kirsch, 2000). Within the feasibility trial included in this thesis, there 

are conditions that may be considered as an additive factor which could have impacted on 

effectiveness. Firstly, there were concurrent treatment of antidepressants or psychotherapy. It is not 

clear whether concurrent treatment may have a cumulative effect and what effects these are 

(Alonzo et al., 2012; Loo et al., 2012; Pazdur, 2008). Further, the study was conducted with real-time 

supervision, which means a researcher was present for each study visit to answer questions about 

application of the study and study protocol, experienced side effects and any other queries 
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participants had related to the study. The real-time supervision allowed for real-time practical, 

problem solving, direct clinical supervision and regular mood monitoring as part of the safety 

protocol. The extent a researcher interacts with study participants depends on the trial design, and 

trial design can impact on the additive model in that with a standard two group study, the placebo 

effect is not measured directly, those with a comparison to baseline inaccurate values of the effect 

can be given (Boehm et al., 2017). tDCS as a treatment has, at times, shown to be difficult to 

replicate results, and it would be important to regularly review the perceived effectiveness alongside 

any clinical outcomes as well as quantitative acceptability measures. Not least because of the 

practical factors in with conducting tDCS which can affect results (current, electrode size and 

placement and duration of stimulation). There are also relevant differences such as participant 

individual differences such as age, anatomy and neural states and expectations have been identified 

as a potential for inducing inter-individual differences to responsiveness to treatment (Li, Uehara & 

Hanakawa, 2015). 

 

The third overarching theme is associated with time commitment, mainly related to physically taking 

part in the tDCS sessions. The subthemes 3.1 An everyday commitment, 3.2 the convenience of 

having sessions at home, improving acceptability (gaining time). An element of the study requires 

allocating time for required daily sessions which are 5 x weekly, this then drops to 2x weekly, though 

it is comparable to currently available treatments.  The study also required an overall commitment 

of 6 weeks. The second subtheme of the main theme: time commitment relates to the convenience 

of having sessions at home. This was a positive aspect of improving acceptability as there was a 

perspective of gaining time either by not having to go out to the GP to get a prescription, then to a 

pharmacy or waiting for home delivery. With conventional therapy, patients would be required to 

attend a therapy clinic and sessions are typically 1-hour sessions, which are longer than tDCS for 

depression, at 30 mins. Both options entails waiting for GP services at some point either for 
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prescription or referral, and currently it is not clear the waiting times to access a GP, but it can be up 

to 3 weeks in the UK (Thorlby, Gardner & Turton, 2019). For therapies, a waiting list that can be as 

long as 18 months (NHS England, 2015). Following the COVID-19 pandemic, eHealth interventions 

were promoted to address both old and new concerns with access and wait times to therapy 

(Bennett et al., 2020). An eHealth approach has been taken in the feasibility trial to conduct at-home 

tDCS remotely which may also increase the sense of added time as prior to the COVID-19 pandemic, 

the feasibility trial had a protocol in place for a researcher to be present at the participant home, 

which is unknown on how this may have impacted time commitment. 

 

The fourth overarching theme was “Support, feeling held and contained”. Three subthemes were 

developed. The first relates to ‘Feeling connected by daily visits by the same person’. The latter two 

subthemes describe a dichotomous experience of being observed: 4.21 for most was positive, felt 

safe and 4.22 for some was anxiety provoking. This describes the polarities of having someone 

available on a one-to-one level via teleconferencing can be incredibly reassuring as it is intrusive. The 

uniqueness of this study is patients had real-time supervision with a professional/researcher. Not 

only is this uncommon in this type of research, but it was also offering a secondary therapeutic 

environment for which participants can request support in real time. With perceived need and 

utilisation of available services having a strong association (Roberts et al., 2018), it is also a variable 

that is not well controlled for, given each participant may require different levels of support. Support 

was also not limited to resolving technical or practical issues with the device, it extended to practical 

health advice, sleep hygiene, anxiety management and other generic queries, which were presented 

and reviewed with the chief investigator. In addition, a summary was provided to the GP, to which 

the GP also followed up on certain queries with the participants. To that end, it was difficult to 

extrapolate that acceptability is merely from having the device as a treatment, given the design 

involved a tailored and multifactorial approach to treating the participants. Though, effectiveness 

was another theme that was clear in the analysis and is closely tied to acceptability as a concept. The 
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sense of symptoms dissipating was not the only theme under effectiveness that was under 

consideration for participants. With the device being novel, there came a level of expectation that all 

experienced symptoms would be managed by this device within the treatment time (of 6 weeks). Or 

in the converse, an uncertainty of its’ effect. On their own, the themes bring a new insight into the 

understanding of acceptability within this patient group, largely who were classed as remitted at the 

time of interviewing (V21, classed as end of treatment and at V23, 6 months after treatment).  

 

Placing these themes in the context of a new acceptability framework by Sekhon et al., (2017) has 

helped to highlight what aspects might be prioritised by patients. In this study, there was not a 

healthy control group, but this would also add another dimension, as would acceptability of the 

health care professionals facilitating the device. 

 

The first limitation is the lack of a prospective and concurrent interview, as proposed by Sekhon et 

al. (2017). The participants were given an opportunity to offer some thoughts on the expectation of 

the study prior to commencing treatment in form of a survey. However, an interview may have been 

able to tease out some of the more nuanced points around the participant perceived expectations. A 

concurrent acceptability review would have allowed for real time alterations to maximise the 

potential learning around acceptability of this novel treatment.  

 

The was no formal debrief following the completion of the data collection. This may have assisted in 

the development of themes and given an opportunity to clarify and follow up with more questions 

on areas that might be considered unclear by the research team. Whilst an informal discussion was 

completed initially after the interviews and within the team discussion of theme development, a 

formal system of ‘interviewing the investigator’ may have supported, evaluate and verify initial 

hunches and address any authenticity biases (Frels & Onwuegbuzie, 2012) Having a formal debrief 

system can also help to address any unanticipated emotions that may arise (Scott, 1997). 
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Data in written form was not included in this analysis. This may have enhanced the knowledge and 

maximised the data provided by the participants. It is conceivable that new or other’s themes could 

have emerged from this data, especially given the written feedback was not in the presence of a 

researcher. A claim of enhanced validity is made when combining data in this way, though some 

critical issues are raised such as the clarity in the purpose, basis and focus of the study methods, 

maintaining an awareness for the limitations of the methodologies, possible variations in error 

measures and generalisation (Bazeley, 2004). 

 

The researcher who completed the intervention also completed the semi-structured interview. This 

has the potential for bias. Participants may not feel comfortable to disclose what might have made 

them unhappy about the study or withheld information for not wanting to disrupt the ‘therapeutic 

relationship’ they have with researcher. Appropriately applying the debrief method could aid to 

address any potential biases that may be present with the researcher and may reduce any 

unforeseen challenges the researcher might develop with instrumentation of the interviews 

(Chenail, 2011).  

 

Incorporating prospective interviewing and concurrent review through a questionnaire and/or 

interview will provide critical real time information to allow for a study to confidently report the 

success of its’ process around acceptability. It may further impact the overall attrition rate both 

positively and negatively depending on the outcomes and would require careful consideration of the 

benefits and drawbacks at study level. Consider a formal debrief process to be in place prior to the 

commencement of the study. This will allow for the researcher to appropriately develop their skills, 

especially for novices and address any biases that may be present. Consider if and how to maximise 

the data collected. If it is not feasible to combine methods, consider completing separate analyses. 
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5.2 The neurocognitive assessment of depression following tDCS treatment using auditory 

verbal learning test  

It is well recognised MDD has a cognitive component, with decreased concentration and focus part 

of the diagnostic criteria (APA, 2013). Cold cognition, information processed that is not emotionally 

influenced, has been an area of interest in depression research as it has been shown to predict poor 

response to treatment (Allott et al., 2016) and unresolved cognition impedes recovery (Groves, 

Douglas & Porter, 2018). AVLT (Rey, 1964) was used to assess measures of verbal learning in MDD at 

baseline (classed as V1 prior to tDCS), and then over 3 further timepoints (post tDCS on V1, V10 and 

V21 - end of treatment). It was hypothesised AVLT total learning and LOT would improve over time. 

Age, gender, education, and IQ, the change in 17-item HAMD (Hamilton, 1960) and SDS (Sheehan 

and Sheehan, 2008) were included as co-variates in a repeated measures ANCOVA. An exploratory 

review of STPR will follow earlier hypotheses (i.e., if total learning improves, STPR will improve). 

 

There were no significant effects found of time on total learning (df= 3,54, F= .186, p= .905), LOT, 

(df= 3,54, F= 1.355, p= .266) and STPR (df= 3,54, F= .673, p= .573). The co-variates of age, gender, 

education, IQ, percentage change of HAMD and SDS were not significant in moderating the results. 

The results did not meet the hypothesis and contrasts what was expected in previous studies 

(McClintock et al., 2020). They are in line with some previous non-significant changes over time 

following tDCS (Martin et al., 2018). There have been mixed results found regarding the effect of 

tDCS on cognition. Cognitive function is not enhanced with tDCS within the working age depressed 

population (Martin et al., 2018).  In assessing key cognitive domains, including global cognition, 

executive function, verbal memory, attention, and working memory, individual participant data was 

analysed to show no beneficial effect of tDCS. An unexpected reduction in performance gains were 

found in SDMT (Smith, 1991) and DSST (Wechsler, 1955) following a course of tDCS. This was most 

prominent in subgroups, such as women and MDD, where effects were predicted to be greater. A 

lower cognitive global baseline also saw a greater effect. There was an overall improvement in both 
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groups (MDD and control), which may be explained by practice effect over performance reduction 

(Martin et al., 2018). This may suggest using different tests or a battery of cognitive assessments aid 

in highlighting what changes over time occur. One difference which could explain the difference 

found in larger RCT study (McClintock et al., 2020) which were not included in larger IPD data, was 

this sample included treatment resistant patients. Potentially, there is a different profile and 

recovery marker in cognitive change in this group.  

 

Processing speed improvement across groups were also seen in Moreno et al (2020). In contrast to 

Martin et al (2018) IPD analysis, an increased performance was seen in verbal fluency, when 

compared to placebo, but no difference when compared with escitalopram. Specifically in the 

responder subgroup, a moderate effect was seen in both tDCS and escitalopram, outperforming 

placebo in verbal fluency (Moreno et al., 2020). This may suggest antidepressant treatment 

regardless of which treatment it is, successfully improves processing speed compared to placebo 

groups. Processing speed may also be one of the first changes that is seen in depression response 

and recovery. 

 

This chapter reviews the short-term memory aspects of the AVLT and did not include long term 

recall of verbal fluency. It has been identified young adult’s long-term recall significantly increases 

with multi session tDCS and older adults found an overall increased recall performance. Lower 

baseline learning ability was also suggestive of a countenance of memory impairment (Perceval et 

al., 2020). These effects held after one week and after three months, which means this is not only 

explained by 1 session overnight consolidation (Perceval et al., 2020). 
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In contrast to selective findings, a recent study by McClintock et al., (2020) found global cognitive 

tDCS-induced changes following both low dose and high tDCS. Initially, there seemed to be verbal 

learning and processing speed improvements across high and low doses with bipolar patients. 

However, in sub analyses, it was found that a specific genotype: BDNF Val66met Val/Val, carriers of 

this gene found to have a higher improvement (McClintock et al 2020). 

 

A recent umbrella review of meta-analyses investigating neurocognitive measures following tDCS 

(Farhat et al., 2022). Umbrella reviews have wide eligibility criteria to incorporate the maximum 

number of meta-analyses including sham-controlled trials. As such, it found a wide range across age, 

multiple patient groups, included studies that were both anodal and cathodal based stimulation 

(Farhat et al., 2022). This review found 11 of the included meta-analyses had low (n=2) or critically 

low (n=9) quality. This indicates the need to review in the way meta-analyses are conducted and 

consideration for separate analyses for conditions grouped under neuropsychiatric conditions (i.e., 

depression, separated from schizophrenia) and to extend this further to Research Domain Criteria 

(RDoC) framework such as Bartl et al., (2020) has (Farhat et al., 2022). 

 

The strength in the design of the study was to conduct the neuropsychology online using video 

conferencing software. Every effort went to ensuring good connections, that the researcher was well 

heard, and participants understood A meta-analysis assessing the effect of video conferencing on 

the assessment scores of a wide range of test and within multiple groups including healthy and 

clinical groups found some test score were 1/ 10th lower when performed on video conferencing 

compared to in person (Brearly et al., 2017). Although, digit span, verbal fluency and list learning did 

not differ assessments as they are verbally mediated, and overall, only one test showed significant 

effect to the use of videoconferencing which involved word retrieval did see this deficit (Brearly et 

al., 2017). Further, disruption to the tests due to technology (connection issues) was not a source of 

variability in scoring (Brearly et al., 2017). 
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A main consideration when using teleconferencing to conduct neuropsychological assessment was 

due to the on-going COVID-19 pandemic during the collection of data in the feasibility trial. This led 

to a paradigm shift and the expansion of these methods across research and clinical settings (Hewitt 

& Loring, 2020; Parsons & Duffield, 2020). Further considerations of the patient population needs, 

and diagnostic differences were required (Hewitt et al., 2020). 

 

Benefits of teleconferencing include a reduction of commute times or disrupted routines and allows 

for flexibility to conduct other assessments which ultimately reduces assessment fatigue (York et al., 

2021). It allowed for assessments to continue without the need for interruption due to stay-at-home 

orders or 2 metre social distancing (Hewitt et al., 2020). 

 

In this study, 2 different researchers conducted the assessment using teleconferencing. Extending 

the use of technology in cognitive and neuropsychological assessment may have comparable validity 

and reliability. Increased standardisation and a reduction in errors and interpretation may be 

another benefit (Parsey & Schmitter-Edgecombe, 2013). 

 

There is some discussion around the age of onset in depression consisting of a larger factor to 

overall cognitive deficits as part of this presentation (Bora et al., 2014). Other factors such as age, 

severity show a persistence of cognitive disturbance or non-improvement (Semkovska et al., 2019).  

 

The sample did not explore subgroups such as of cognitively impaired and not impaired and was 

assessed at the earliest point in remission post treatment. A delay in neuropsychological 

remediation may be possible and a follow up assessment may be of benefit. The current analysis 

provides an immediate response on neuropsychological markers in AVLT following a course of tDCS. 

However, neurocognitive deficits have been present in as much of 52% (Gu et al., 2016) of MDD 
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patients and continued to be present as long as 2 years after remission (Jaeger et al., 2006). Group 

differences in tDCS response may have impacted on the significance of the results. A systematic 

review and analysis show, compared to healthy controls, remitted patients had significantly worse 

scores across neuropsychological domains of attention, learning and memory, working memory. 

Partially remitted patients were found to perform significantly worse than remitted patients 

(Grützner et al., 2019). A small cluster of patients included in the analysis may be classed as partially 

remitted, as measured by HAMD scores. This could have influenced the overall analysis. 

In terms of clinical subgroups, verbal fluency and psychomotor speed differentiate melancholic with 

atypical patients, with melancholic patients performing worse (Bosaipo et al., 2016). When 

compared with healthy controls both subgroups were impaired across several domains, and 

melancholic patients had greater and more extensive neurocognitive impairments (Bosaipo et al., 

2016). 

 

The analysis was exploratory and as such, the results are not generalisable. Under the feasibility 

clinical trial, neuropsychological testing was an exploratory outcome, the analysis was not powered 

for neurocognitive analysis and did not include healthy controls. All these factors will act as 

limitations to the results. 

 

The AVLT (Rey, 1964) assessment presented in this thesis was one example of neurocognitive 

assessment. There are a wide range of assessment that assess memory, attention, executive 

functioning (Lezak et al., 2004) and often it is demonstrated in the literature that a battery of 

assessments is conducted alongside the tDCS treatment (Brunoni et al., 2016b; Moreno et al., 2020).   

 

Completing RCTs with healthy controls are included for at-home tDCS treatment and 

neuropsychological assessment for comparison.  Further, overall survival and time to progression 

can be conducted under RCT (Pazdur, 2008). The consideration of included multiple arms to the 
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study which includes a tDCS only arm as all participants were engaged in some form of treatment 

(either antidepressants or psychotherapy) as concurrent treatments can be a confounder to survival 

analysis (Pazdur, 2008). Furthermore, to assess if concurrent treatments have any impact on 

cognitive results.  Combine this with severity and length of illness may provide critical insight into 

the understanding of the neurocognitive processes in MDD and to what, if any extent tDCS can 

remediate that in specific subsets of this clinical group. Benefits of understanding cognitive 

remediation following tDCS treatment could impact cost analysis and effectiveness (Glen et al., 

2020).  This would also support acceptability under Sekhon et al., (2017) acceptability framework 

under opportunity cost. 

 

5.3 COVID-19 and major depressive disorder 

One consideration throughout the feasibility study was the presence or prior experience of COVID-

19 among our participants. At the time of writing this thesis, COVID-19 is well understood and 

clinically known as SARS-Cov-2. COVID-19 is a serious acute respiratory syndrome caused by a novel 

coronavirus, which led to a pandemic. COVID-19 appears to activate antiviral and pro-inflammatory 

response that is uncontrolled through cytokine release (Yang et al., 2020). Due to the ferocity of the 

spread of this contagion, governments around the world called for national mandated lockdowns, 

the introduction of personal protective equipment such as masks to limit the spread. One obvious 

repercussion from these measures were an increase in social isolation and loneliness which can have 

a direct relationship with the risk of developing MDD or exacerbating a current episode (Elmer, 

Mepham & Stadtfeld, 2020; Sommerlad et al., 2021), through a cycle of stress, anxiety, and other 

psychological concerns (Röhr et al., 2020). 

 

Over the 2 years of the pandemic so far, the relationship between neuropsychiatric illness and 

COVID-19 has been investigated. With prevalence rates of MDD in patient with a COVID-19 infection 
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at 38% and insomnia a precursor symptom to depression at 48%, this risk is considerable (Lui et al., 

2021). Some research suggests that the development of MDD as a direct resultant from COVID-19 

may be limited to no or a mild risk but has an overall effect of worsening an established diagnosis is 

present (Bourmistrova et al., 2022). The severity of the COVID-19 factors where an activation of the 

immune system has occurred and the presence of a ‘cytokine storm’ induces indoleamine 2,3-

dioxygenase significant activity (Boucas, Rheinheimer & Lagopoulos, 2022). This in turn increase 

kynurenine which metabolises in the brain causing chemokine production and long-term impairment 

in the brain (Boucas, Rheinheimer & Lagopoulos, 2022). The process has been posited to increase 

the risk of developing depression (Boucas, Rheinheimer & Lagopoulos, 2022). Further, systemic 

inflammation may play a role in the elevated cytokine levels and inflammation is also a convergence 

point for cognitive decline and MDD (e Silva et al., 2022).  

 

Other influences have been theorised suggest as hippocampal involvement. Previous studies have 

suggested negative effect on spatial memory and learning due to respiratory illness such as influenza 

as this causes CA1 and CA3 neuronal reduction (Ritchie, Chan & Watermeyer, 2020). Though COVID-

19 does rapidly invade the central nervous system it appears to be more focal in temporal regions 

(Morgello, 2020). If brain regions are compromised having a depression following COVID-19, this 

may exacerbate the presenting damage (Mohammadkhanizadeh & Nikbakht, 2021). 

 

With this information, it may be that there is a higher presence of MDD following the recent 

pandemic, making novel treatments that are also accessible to patients even more important. Non-

invasive neuro-modulatory techniques may lend themselves well to assist with neuroimmune 

modulation and therefore may be a target treatment option for any subsequent neuropsychiatric 

illness (Baptista et al., 2020).  
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Some predictors for the development of neuropsychiatric illness have been identified which may aid 

in research purposes when considering COVID-19 and its’ overall effects in novel treatment studies. 

The predictors include being female (Mazza et al., 2020). Gender is particularly important because 

whereas females are likely to have increased risk to long term complications of a COVID-19 infection, 

they are less likely to have severe short term COVID-19 complications (Bucciarelli et al., 2022). Thus, 

less likely to experience a severe cytokine storm due to the protective properties of oestrogen 

(Bucciarelli et al., 2022). A previous positive diagnosis (of MDD), with outpatients showing increased 

anxiety and sleep symptoms (Mazza et al., 2020). Both of have a bidirectional relationship with MDD 

(Alvaro, Roberts & Harris, 2013). There is also an inverse correlation with hospitalisation and MDD 

symptomology (Mazza et al., 2020). Age was also factor with younger patients reporting higher 

levels of depressive symptoms (Mazza et al., 2020). Research continues to understand the 

phenomena of neuropsychiatric illness following COVID-19 and treatment that may best suit it. tDCS 

may have some strengths as a neuro-modulatory treatment (Baptista et al., 2020). It has shown early 

efficacy in successfully treating neuropsychiatric symptoms post COVID-19 (Shinjo et al., 2020; 

Gòmez et al., 2021). It can be provided at home and will supersede any clinic-based treatment in an 

active phase of the pandemic (Caulfield & George, 2020). 
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Appendices 

 

Appendix 1. - Transcription example 

Part of stage 1 is transcription. Below is an example of the transcription coding template used. 
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Appendix 2. Stage 2 Exploratory codes  

Stage 2 involves initial coding. Below is a visual of initial codes and the initial emerging themes 
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Appendix 3. Stage 3 Emerging Themes 

Emerging themes were discussed collated (example below) and discussed with the project supervisors to develop the themes and subthemes. 

 

Theme 1  Theme 2  Theme 3  Theme 4  Theme 5  

Side effects/ slight discomfort  
Had to get used to  
  

wasn’t 100% to cure  Complimented life 
commitments/ didn’t disrupt 
daily life  
  

Having someone explain the 
day to day process, and having 
confidence to ask questions as 
needed  
Complimentary to researcher, 
‘put at ease’ having someone 
with them through the study  

  

New experience/ sensations 
was completely new  
  

Monitoring symptoms/ mood 
up and down? Nor stable?  
  

Time commitment, being 
home from work, block 
yourself out from everything  
Commitment, Time frame, 
Increased stress with high 
workload?  

Reflection through one-to-one 
talking   
Having someone to talk to 
about mood, different to 
usual  

  

Eventually acceptable, Took 
time to feel acceptable?  
  

Positive about intervention - 
therapeutic  
  

Scheduling – time 
commitment  
Use in your time and being 
dedicated to the process 
(commitment)  

Complimentary to researcher - 
benefit  
Having someone staring-   
Invasion of personal space, 
anxious, -cultural?  

  

Sensitivity as SE – quite 
unaffected  
 
  

despite not being at 
expectation, Recognises 
improvements/ Clarified 
expectation/ wanted a “brand 
new me”  

Initial effort with time 
commitment and personal 
effort due to feeling 
depressed  
  

Complimentary to researcher  
Having someone/counsellor to 
do CBT with    

  



Version 2  

After discussion with supervisors, novice researcher entered notes until themes were developed as in Appendix 4. 
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Appendix 4. Themes and Subthemes 

Version 1 Themes and subthemes were developed during a team meeting and coded into the table 

below. 

Themes Subthemes 
Theme 1: Side Effects 

Subtheme 1.1: Sensation of the 

treatment 

Subtheme 1.2: Side-effects from the 

treatment 

Theme 2: Effectiveness Subtheme 2.1: Expectation of tDCS as a 
treatment 

 

Subtheme 2.2: Recovery, enhancement; the 
extent of the effectiveness 

 

Subtheme 2.3: Uncertainty, novelty 
Theme 3: Time commitment  

 
Subtheme 3.1: Everyday commitment 

 
Subtheme 3.2: Convenience of having 

sessions at home, improving acceptability 

(gaining time) 

 
Theme 4: Support, feeling held, 
contained 

Subtheme 4.1: daily visits, interaction, felt 

connected, having the same person 

Subtheme 4.2: being observed i) for most was 

positive, felt safe 

Subtheme 4.3: being observed and ii) for some 

was anxiety. 

 

 

After reviewing the themes together with the supervisory team they were edits and refined to the 

below table. 
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Version 2 (final) 

Themes  Subthemes 

Theme 1: Side Effects  Subtheme 1.1: Physical Sensation of the treatment 

 Subtheme 1.2: Side-effects from the treatment 

Theme 2: Effectiveness  Subtheme 2.1: Expectation of tDCS as a treatment 

 Subtheme 2.2: Recovery & enhancement: the extent of the 
effectiveness 

 Subtheme 2.3: Un/certainty & novelty 

Theme 3: Time commitment  

 
 Subtheme 3.1: An everyday commitment 
 
 
Subtheme 3.2: Convenience of having sessions at home, 
improving acceptability (gaining time) 

Theme 4: Support, feeling 
held, contained 

 Subtheme 4.1: Feeling connected by daily visits by the same 
person 

 Subtheme 4.2: Being observed feels safe versus feels 
anxiety provoking 
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Abstract  
Transcranial direct current stimulation (tDCS) is a novel treatment option for major depression which 
could be provided as a first-line treatment. tDCS is a non-invasive form of transcranial stimulation 

which changes cortical tissue excitability by applying a weak (0.5-2 mA) direct current via scalp 

electrodes. Anodal and cathodal stimulation leads to depolarisation and hyperpolarisation, 

respectively, and cumulative effects are observed with repeated sessions. The montage in 

depression most often involves anodal stimulation to the left dorsolateral prefrontal cortex. Rates of 

clinical response, remission, and improvements in depressive symptoms following a course of active 

tDCS are greater in comparison to a course of placebo sham-controlled tDCS. In particular, the 

largest treatment effects are evident in first episode and recurrent major depression, while minimal 

effects have been observed in treatment-resistant depression. The proposed mechanism is 

neuroplasticity at the cellular and molecular level. Alterations in neural responses have been found 

at the stimulation site as well as subcortically in prefrontal-amygdala connectivity. A possible 

mediating effect could be cognitive control in emotion dysregulation. Additional beneficial effects on 

cognitive impairments have been reported, which would address an important unmet need. The 

tDCS device is portable and can be used at home. Clinical trials are required to establish the efficacy, 

feasibility and acceptability of home-based tDCS treatment and mechanisms. 
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transcranial direct current stimulation, tDCS, major depression, neuroplasticity, neuropsychology, 

biomarkers 
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Introduction 
Major depression is a common mental health disorder, affecting about 350 million people 

worldwide with a lifetime prevalence of about 1 in 7 adults, and is predicted to be the leading 

contributor to the global burden of disease (Kessler and Bromet, 2013; Vos et al., 2015; Whiteford et 

al., 2013). The disorder is the largest contributor to non-fatal health loss and the most significant 

precursor for suicide (Vos et al., 2015; World Health Organization [WHO] 2015). There is a significant 

socio-economic challenge with the cost being about £9 billion in the UK in 2000 (Thomas and Morris, 

2003) and expected to be as much as £12 billion by 2026 in England (McCrone et al., 2008).  

The most common forms of treatments are antidepressant medication and psychotherapy. 

However, clinical response to antidepressant medication (Rush et al., 2006) or to psychotherapy 

(Cuijpers et al., 2014) is less than 50% following a full course of either treatment. Side effects from 

antidepressant medications are common, such as sexual dysfunction, sleepiness, and weight gain 

(Cascade et al., 2009; Ferguson, 2001), yet are often under-reported and can lead to discontinuation 

(Cipriani et al., 2018; Sinyor et al., 2020). Onset of clinically noticeable effects can take several weeks 

for antidepressant medication as well as psychotherapy, and access to treatment can be limited, in 

particular for psychotherapy (Cipriani et al., 2018; Pence et al., 2012). Providing another treatment 

option would be benefit patients who are unable to take current treatments or who prefer an 

alternative form of treatment. Transcranial direct current stimulation is a novel, non-invasive form 

of neurostimulation that is a potential first line treatment option for major depression. 

The present review evaluates the current evidence for the efficacy and adverse events associated 

with a course of tDCS treatment in major depression, potential mechanisms, neuropsychological 

effects, and initial studies of predictive biomarkers of clinical outcome. 

What is transcranial direct current stimulation (tDCS)? 
The application of electrical stimulation for therapeutic effect has been reported since the first 

century. Placing a live electric torpedo fish over the scalp, which generates a strong electric current, 

was found to create a brief stupor and to alleviate pain from headache. In 1804, Aldini reported that 

applying electric currents to the scalp could improve melancholia (Priori, 2003). 

Non-invasive brain stimulation (NIBS) refers to stimulation that can be given without the need of an 

implant. tDCS applies a weak direct electric current through electrodes placed on the scalp, which 

modulates neuronal resting membrane potential but does not directly lead to neuronal discharge 

(Nitsche & Paulus, 2000). Transcranial alternating current stimulation (tACS) is similar to tDCS, but 

consists of a sinusoidal alternating current which can be provided at a selected frequency to entrain 

intrinsic oscillation patterns (Matsumoto & Ugawa, 2017), and transcranial random noise stimulation 

(tRNS) consists of an alternating current with a random frequency and amplitude (Terney et al., 

2008). 

Transcranial magnetic stimulation (TMS) is another form of non-invasive brain stimulation. TMS uses 

a magnetic coil to generate a local electric current through electromagnetic induction. This is applied 

to a focal brain region leading to depolarization or hyperpolarization, neuronal excitation or 

inhibition, respectively (Hallet, 2000). In clinical practice, repetitive TMS (rTMS) that can be high 

frequency or low frequency is most common, while theta-burst TMS (TBS) is demonstrating 

potential efficacy (Mutz et al., 2019). 

Vagus nerve stimulation (VNS) and deep brain stimulation (DBS) are forms of invasive brain 

stimulation techniques. In VNS, an electrical stimulation is delivered to the vagus nerve via a 
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stimulator implanted under the skin, and DBS involves the implantation of electrodes in specific 

areas in the brain.  

Electroconvulsive therapy (ECT) is applied through electrodes placed on the scalp, which induce 

general convulsive activity leading to a seizure and is provided under a general anaesthetic. While it 

could be considered to be a non-invasive form of brain stimulation, ECT is usually placed in between 

categories as it does not require a surgical procedure but is more invasive than tDCS and TMS, leads 

to a seizure, and is applied under anaesthesia. 

All of these methods can be grouped within the umbrella term of transcranial electric stimulation 

(TES). tDCS has benefits in cost-effectiveness, portability, and a low side effect profile (Tortella et al., 

2015). 

How doe tDCS affect neuronal activity? 
The current is typically in the range 0.5 – 2 mA and is applied through electrodes placed on the scalp 

with a conductive substance such as a saline solution or gel. The current flows from the anode 

electrode to the cathode electrode (and electrons flow from the cathode to the anode). The 

stimulation is non-focal. The surface area of the sponge-electrode used in studies in depression are 

typically large, approximately 25 – 35 cm², and sponge-electrode size can range from 3.5 – 100 cm² 

(Dedoncker et al., 2016; Turi et al., 2014).  

The current passes through the skin, subcutaneous tissue and skull with high impedance. It is 

estimated that 25 – 50 % of the given current reaches through the cerebrospinal fluid (CSF) to gray 

matter (Rush & Driscoll 1968; Vöröslakos et al., 2018). Factors such as area of stimulation, electrode 

size, distance between electrodes, as well as individual differences contribute to the final current 

intensity (Dedoncker et al., 2016; Rush & Driscoll 1968; Turi et al., 2014; Woods et al., 2015). 

Anodal stimulation typically leads to depolarisation of the neuronal resting membrane potential and 

to increased potential firing of cells. Cathodal stimulation tends to inhibit cortical excitability through 

hyperpolarisation to decreased potential cell firing (Creutzfeldt et al., 1962). tDCS changes neural 

activity by modulating the resting membrane potential, rather than directly stimulating an action 

potential. However, factors including orientation of the neuronal axon to the current and neuron 

type impact on the activity and directionality (Jefferys, 1981).   

Does tDCS affect neuroplasticity? 
Neuroplasticity is a general term that refers to our ability to learn as a result of cellular and 

molecular changes in neurons leading to alterations in regional brain activity or structure.  Synaptic 

plasticity includes synaptogenesis, forming and fitting new synapses together, and non-synaptic 

plasticity includes neural migration and neurogenesis. In brain imaging, this can be observed by 

persistent changes in regional neurofunction or neuroanatomy (Zatorre et al., 2012). While 

neuroplasticity has typically been described in rehabilitation following brain injury, it is also seen as a 

mechanism for treatments, such as antidepressant medication, psychotherapy, and mindfulness 

(Davidson & McEwen, 2012; Lomas et al., 2015; Fu et al., 2020). 

The neurophysiological effects of tDCS typically last beyond the immediate stimulation period 

(Nitsche et al., 2003). Long-term potentiation (LTP) describes the sustained increase in synaptic 

transmission that is the cellular correlate of learning and memory, first described in neuronal cells in 

the hippocampus (Bliss & Lømo, 1973). Cortical LTP and long-term depression (LTD)-like changes are 

modulated by glutamatergic and GABAergic neurons (Trepel & Racine, 2000). Anodal tDCS-
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enhanced excitability in the primary motor cortex is LTP-like, which is dependent on N-methyl-D-

aspartate (NMDA) receptor and calcium channel activity (Leibetanz et al., 2002; Monte-Silva et al., 

2013). Stimulation strength, duration and direction have a non-linear relationship impact on 

whether excitatory or inhibitory effects are generated (Batsikadze et al., 2013; Jamil et al., 2017; 

Monte-Silva et al., 2013).  

Anodal tDCS stimulation to the primary motor cortex (M1) results in a significant decrease in 

gamma-aminobutyric acid (GABA) concentration in the stimulated region as measured by magnetic 

resonance spectroscopy (MRS), suggesting a mediating effect that is in part due to reduced 

GABAergic inhibition, while cathodal tDCS stimulation is associated with a significant decrease in 

glutamate with a seemingly counterintuitive correlated decrease in GABA, indicating a mediating 
effect of a reduction in excitatory glutamatergic function. Effects on GABA levels have been 
observed in the stimulated primary motor cortex as well as in the non-stimulated but functionally 
connected contralateral motor cortex demonstrating that neurochemical changes are also 
evident outside of the targeted region during plasticity induction (Bachtier et al., 2018).  

LTP is further dependent on the neurotrophin, brain-derived neurotrophic factor (BDNF), in motor 

skill learning (Fritsch et al., 2010). Anodal tDCS applied to the primary motor cortex enhanced motor 

learning as long as activity-dependent BDNF secretion was present, which was evident in animal 

studies and behaviourally in human participants with the BDNF Val66Met polymorphism.  

In neuroimaging studies, effects have been observed as changes in brain function, for example tDCS 

modulates distinct resting state networks as measured by functional magnetic resonance imaging 

(fMRI) (Keeser et al., 2011). Active anodal tDCS applied to the left dorsolateral prefrontal cortex has 

been associated with significant changes in connectivity in the default mode network, self-

referential network and frontal-parietal networks in comparison with sham tDCS.  

Does tDCS treatment improve depressive symptoms? 

Meta-analyses of sham placebo controlled RCTs 
In our meta-analysis, we examined the efficacy and acceptability of non-invasive brain stimulation in 

adults with major depressive disorder or bipolar depression (Mutz et al., 2018). We obtained data 

from 56 randomised sham-controlled trials which included a total of 131 treatment arms and 66 

treatment comparisons, consisting of tDCS, TMS (repetitive TMS, deep TMS, and synchronised TMS) 

and theta-burst stimulation (TBS), without co-initiation of another treatment.  

3,058 participants (mean age = 45.0 years; 61.7 % female) had been randomly assigned to active 

treatment (n = 1,598) or sham therapy (n = 1,460). In our main analysis of response rates, defined as 

a minimum of 50% reduction in symptom scores, at the primary study endpoint, we found evidence 

of antidepressant efficacy for high frequency rTMS over the left dorsolateral prefrontal cortex (OR = 

3.75, 95% CI 2.44 to 5.75), right-sided low frequency rTMS (OR = 7.44, 95% CI 2.06 to 26.83), 

bilateral rTMS (OR = 3.68, 95% CI 1.66 to 8.13), deep TMS (OR = 1.69, 95% CI 1.003 to 2.85), 

intermittent TBS (OR = 4.70, 95% CI 1.14 to 19.38) and tDCS (OR = 4.17, 95% CI 2.25 to 7.74). We did 

not find evidence that continuous TBS, bilateral TBS or synchronised TMS were more efficacious 

than sham. We also did not find evidence of differences in all-cause discontinuation rates between 

active and sham treatment for any of the protocols. 

tDCS was associated with higher response rates (k = 9, OR = 4.17, 95% CI 2.25 to 7.74), higher 

remission rates (k = 8, OR = 2.88, 95% CI 1.65 to 5.04), and lower post-treatment depression severity 

scores (k = 7, Hedge’s g = -0.76, 95% CI −1.31 to −0.21) relative to sham therapy. The overall number 
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of patients included in the tDCS trials was n = 456 (n = 246 participants randomised to active 

treatment and n = 210 participants randomised to receive sham therapy). Sample sizes of the trials 

varied substantially, ranging from 10 to 151 participants (median = 35 participants, IQR = 30.25). 

Most trials (80%) recruited only participants with major depressive disorder, although one trial 

recruited exclusively participants with bipolar depression. tDCS was applied in an outpatient setting, 

and trials had excluded patients who had reported psychotic symptoms. In 7 out of 10 trials, tDCS 

was applied as monotherapy; in 1 trial, tDCS was added to stable pharmacotherapy, and in 2 trials, 

tDCS was given as monotherapy or augmentation treatment.  

The number of tDCS treatment sessions ranged from 5 – 22 (median = 10, IQR = 5.75), applied over 

the course of 1.5 – 10 weeks (median = 2, IQR = 3.63). Treatment duration was 20 minutes in 6 out 

of 10 trials and 30 minutes in the remaining 4 trials. The anode was applied over F3 (according to the 

EEG 10/20 coordinate system), generally referred to as left dorsolateral prefrontal cortex, while the 

cathode/reference electrode was located over F4 (6/10 trials), FP2 (3/10 trials) or F8 (1 trial). tDCS 

was most frequently applied with a current strength of 2 mA (in 70% of trials), although 3 trials 

applied tDCS at 1 mA. 70% of trials used an electrode size of 35 cm2 and three trials used an 

electrode size of 25 cm2. Current density ranged from 0.028 – 0.080. 

In subgroup analyses, we found evidence that tDCS was associated with higher response rates only 

in trials which had recruited participants with a non-treatment resistant form of depression or which 

had recruited patients with either treatment resistant or non-treatment resistant depression. We 

did not find evidence of differences in all-cause discontinuation rates between active treatment and 

sham treatment in any of the treatment protocols. 

In a subsequent meta-analysis, we estimated the comparative clinical efficacy and acceptability of 

non-surgical brain stimulation treatments more broadly, using network meta-analysis (Mutz et al., 

2019). We included clinical trials in which adult patients with major depressive disorder or bipolar 

depression were randomly assigned to ECT, TMS (repetitive, accelerated, priming, deep, and 

synchronised), TBS, magnetic seizure therapy, tDCS, or sham therapy.  

113 trials (262 treatment arms) that randomised n = 6,750 patients (mean age = 47.9 years, 59% 

women) met our inclusion criteria. The most studied treatment comparisons were high frequency 

left rTMS and tDCS compared to sham therapy (40 and 11 treatment comparisons, respectively). In 

our primary analysis of response rates, 10 out of 18 treatment protocols were associated with higher 

response rates relative to sham therapy: bitemporal ECT (OR = 8.91, 95% CI 2.57 to 30.91), high dose 

right unilateral ECT (OR = 7.27, 95% CI 1.90 to 27.78), priming TMS (OR = 6.02, 95% CI 2.21 to 16.38), 

magnetic seizure therapy (OR = 5.55, 95% CI 1.06 to 28.99), bilateral rTMS (OR = 4.92, 95% CI 2.93 to 

8.25), bilateral TBS (OR = 4.44, 95% CI 1.47 to 13.41), low frequency right rTMS (OR = 3.65, 95% CI 

2.13 to 6.24), intermittent theta-burst stimulation (OR = 3.20, 95% CI 1.45 to 7.08), high frequency 

left rTMS (OR = 3.17, 95% CI 2.29 to 4.37), and tDCS (OR = 2.65, 95% CI 1.55 to 4.55).  

Active tDCS treatment was also associated higher remission rates (OR = 2.18, 95% CI 1.18 to 4.04) 

and lower post-treatment depression severity scores (SMD = -0.55, 95% CI -0.96 to -0.14) relative to 

sham treatment. All treatment protocols included in this study were at least as acceptable as sham 

treatment, estimated from all-cause discontinuation (i.e. discontinuation of treatment for any 

reason). We did not examine specific undesired and adverse effects in this study, and future 

research should systematically evaluate specific cognitive and adverse effects associated with these 

treatment modalities (Kiebs et al., 2019). 
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There is a suggestion of a synergistic potential of tDCS with antidepressant medication (Brunoni et 

al., 2013; Shiozawa et al., 2013).  Combination of tDCS with an antidepressant medication, sertraline, 

demonstrated a significantly greater early improvement in depressive symptoms following 2 weeks 

of treatment in comparison with placebo only, sertraline only, and tDCS only treatment arms. Factor 

analysis revealed a main effect of tDCS, indicating that this was driving the initial antidepressant 

effect (Brunoni et al., 2013). Meron et al. (2015) meta-analysis similarly found active tDCS to be 

superior to sham tDCS in the treatment of depression, ranging from 1 – 4 weeks of treatment. 

However, an overall benefit of tDCS combined with antidepressant medication was not observed. 

The observation of an early improvement in depressive symptoms is an important potential 

advantage of tDCS relative to current treatment options for depression. 

Recent clinical trials 
Brunoni et al. (2017a) investigated the efficacy of the antidepressant medication, escitalopram (a 

selective serotonin-reuptake inhibitor), and tDCS, in patients with major depressive disorder. 

Participants were enrolled into a non-inferiority, parallel, placebo-controlled trial. There was random 

allocation to one of three treatment arms for 10 weeks: 1) tDCS group: active tDCS and placebo 

medication (n=91), 2) escitalopram group: sham tDCS and escitalopram (n=94), and 3) placebo 

group: sham tDCS and placebo medication (n=60). Active anodal tDCS was administered to the left 

DLPFC at 2 mA for 30 minutes per session, with sessions on five consecutive weekdays in the first 

three weeks, and one session per week for the remaining seven weeks. Escitalopram was prescribed 

daily at 10 mg for the first three weeks and then increased to maximum dose of 20 mg daily until 

week 10. Clinical improvements were highest for escitalopram, followed by tDCS and then placebo. 

As the improvement in depressive symptoms in the tDCS group was not 50% or less than in the 

escitalopram group compared to placebo, the findings failed to show non-inferiority of tDCS as 

compared with escitalopram.  

Loo et al. (2018) conducted a two-arm, parallel, randomised, sham-controlled trial to compare the 

efficacy of tDCS as treatment for unipolar and bipolar depression. All patients were in a current 

depressive episode and had a diagnosis of recurrent depression, with historic treatment profiles 

indicating that many had a form of depression approaching treatment resistance. Participants in 

both unipolar and bipolar samples were randomised to receive either active or sham tDCS for 5 

consecutive weekdays over a 4-week period. tDCS was administered for 30 minutes with the anode 

centered over the left DLPFC. Active tDCS was delivered at 2.5 mA, whilst sham tDCS was set at 

0.034 mA for the majority of the session (a current strength thought to be a negligible) with a 10 

second ramp up to 1 mA at the start of the session, followed by a 60 second ramp down; this was 

reversed at the end of the session. However, there was no significant difference in the rates of 

response or remission in the sham and active tDCS treatment groups. Loo et al. (2018) suggested 

that the low current of the sham tDCS was sufficient to lead to an improvement in depressive 

symptoms, however the clinical history of participants seemed to be approaching a treatment-

resistant form of depression, which could have contributed to the low response rates. 

What are the adverse effects of tDCS? 

Brunoni et al. meta-analysis (2011a) reported that the most common adverse effects are itching 

(39.3% vs. 32.9%, p>0.05) and tingling (22.2% vs. 18.3%, p>0.05) followed by headache (14.8% vs. 

16.2%, p>0.05), burning sensation (8.7% vs. 10%, p>0.05) and discomfort (10.4% vs. 13.4%, p>0.05) 

in active tDCS as compared to sham tDCS, respectively. The summary is from 209 studies, consisting 

of 3,836 participants, in which about 117 studies (56%) had reported side effect symptoms in some 

form, reflecting also how limited reporting of adverse effects had been in early studies (Brunoni et 
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al., 2011a). Additional side effects also include headache after a tDCS session (11.8%), nausea (2.9%) 

and insomnia (0.98%) found in a study of 102 patients. Those with a history of migraines appeared 

to experience this side effect to a significantly higher degree though (55.6%) and could be 

considered an exclusionary consideration in future studies (Poreisz et al., 2007). Mild skin redness at 

the site of the electrode, which resolves following stimulation, is commonly reported as an issue that 

affects blinding in sham placebo-controlled trials (Brunoni et al., 2011a; Guarienti et al., 2014. 

Ezquerro et al., 2016).  

Erythema or redness is likely related to local vasodilatory skin changes rather than damage (Durand 

et al., 2002). In rare cases, skin lesions have been produced following poor electrode skin contact 

(Palm et al., 2014; Rodríguez et al., 2014). Diminishing electrode density, such as by increasing the 

size of the electrode, and reducing electrical resistance, such as by using rubber electrodes covered 

with sponge and conductive substance, e.g. saline, at the site can improve contact (Woods et al., 

2015). MRI studies have not detected oedema or injury in the blood-brain barrier or cerebral tissue 

following tDCS (Nitsche et al., 2004b). Surface skin lesions are not attributable to brain injury as 

electrochemical reactions produced at the skin are not expected to diffuse into the brain (Bikson et 

al., 2009). 

A potentially serious adverse event is treatment-emergent mania or hypomania. From a sample of 

231 participants, 14 participants were observed to develop hypomania (n = 11) or mania (n = 3), 

following either active (n=13) or sham (n=1) tDCS in participants with bipolar depression (n=4) or 

unipolar depression (n=10) (Brunoni et al., 2017b). Most had also been taking adjunctive medication 

(n=13), namely antidepressant medication and mood stabilisers, whereby symptoms resolved 

through withholding treatment for a few days, medication dosage adjustment, additional 

pharmacotherapy or by themselves (Brunoni et al., 2011a, 2017b). 

Charge densities applied in most human clinical studies (range: 171 C/m² - 480 C/m²) are well below 

the threshold shown to cause tissue damage in rats (above 52,400 C/m²), which is at least 100 times 

higher (Liebetanz et al., 2009). The threshold might be even higher, as no tissue damage or changes 

in cerebral temperature were found when cathodal tDCS was applied at a greater charge density 

(128,571 C/m2) than the determined threshold (85,714 C/m2) (Liebetanz et al., 2009; Rueger et al., 

2012; Zhang et al., 2019). 

Overall, adverse effects have been described as being mild and there have not been any significant 

differences in discontinuation rates between active and sham tDCS treatment groups due to adverse 

events, (Aparício et al., 2016; Brunoni et al., 2016; Moffa et al., 2017; Alonzo et al., 2019). 

Standardised scales though would aid in documenting and reporting adverse effects (Brunoni et al., 

2011a). 

Ethical concerns include how and who will deliver tDCS, necessity of regulation, particularly in light 

of a growing ‘do-it-yourself’ community in which there are no current regulatory requirements, and 

the potential of inducing maladaptive long-term neuroplastic changes. 

What are the potential mechanisms of tDCS in depression?  

Neuroplasticity 
Growing evidence implicates impaired neuroplasticity in major depression (Fossati et al., 2004; 

Pittenger & Duman, 2008; Player et al., 2013). Current treatments are associated with neuroplastic 

changes in the brain (Arnone et al., 2012; Joshi et al., 2016; Tendolkar et al., 2013; Fu et al., 2020). 
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tDCS can enhance neuroplasticity (Stagg et al., 2018), however there has been limited direct 

evidence as to whether this mechanism contributes to the improvement in depressive symptoms 

following tDCS.  

The glutamatergic system, in particular NMDA receptors, have an important role in LTP, and 

impairments in glutamatergic neurotransmission are evident in major depression (Valentine & 

Sanacora, 2009). LTP is the neural basis for memory (Bliss & Collingridge, 1993). Learning and 

memory impairments in depression may reflect impaired neuroplasticity (Pittenger & Duman, 2008), 

and LTP is instrumental to recovery in depression, in which upregulation of biomarkers such as BDNF 

are associated with increased long-term potentiation and neuroplasticity (Martinowich et al., 2007, 

Brunoni et al., 2008). As a potential mechanism by which tDCS contributes to recovery from 

depression, effects in the glutamatergic system and BDNF measures would be expected. 

Widespread functional and structural abnormalities are observed in major depression (Wise et al., 

2018). In particular, bilateral reductions in hippocampal volume are one of the most common 

findings (Cole et al., 2011; Schmaal et al., 2016). Located within the limbic system in the medial 

temporal lobe, the hippocampus plays a central role in learning and memory. It is a plastic brain 

structure, in which excitatory amino acids neurotransmitters and NMDA receptors are involved in 

the damaging effects of stress and trauma effects on function and structure (McEwen, 1999). 

Neuroplastic changes in the hippocampus are associated with changes in mood, and hippocampal 

grey matter volume is state dependent (Arnone et al., 2012). Clinical efficacy of antidepressant 

medication is proposed to be mediated through neural plasticity (Castrén & Hen, 2013; Santarelli et 

al., 2003; Warner-Schmidt & Duman, 2006; Fu et al., 2020). Treatment with antidepressant drugs 

can stimulate neurogenesis in the hippocampus and restore grey matter to a volume similar to that 

in both healthy participants and patients in remission (Arnone et al., 2012; Warner-Schmidt & 

Duman, 2006). At the cellular level, animal models show increased postsynaptic spine density and 

enhanced synaptic plasticity following treatment with fluoxetine (Ampuero et al., 2010). Increases 

BDNF serum levels, indicating increased neuroplasticity, are observed following treatment with 

antidepressant medication which are associated with improvements in depressive symptoms 

(Brunoni et al., 2008; Duman & Monteggia, 2006).  

Clinical studies of the treatment resistant form of major depression have reported increases in 

hippocampal connectivity and volume following ECT treatment (Abbott et al., 2014; Gbyl & 

Videbech, 2018; Joshi et al., 2016; Nordanskog et al., 2010; Sartorius et al., 2016; Tendolkar et al., 

2013). ECT treatment modulates alterations in white matter microstructure in pathways connecting 

frontal and limbic areas in major depression (Lyden et al., 2014). In animal models, ECT has been 

found to stimulate neurogenesis in frontal regions (Inta et al., 2013). Moreover, an increase in a 

range of plasticity-associated transcripts, including BDNF, have been found after ECT (Conti et al., 

2006). However, Brunoni et al. (2008) meta-analysis found that BDNF levels did not tend to increase 

following a course of ECT or TMS, suggesting that this may be due to an BDNF increase prior to brain 

stimulation as a majority of patients receiving these treatments had already been taking 

antidepressant medication.  

Relative to healthy participants, patients in a current depressive episode show reduced paired-

associative stimulation (PAS)-induced neuroplasticity in the motor cortex (Player et al., 2013; 2014) 

implicating reduced neuroplasticity in major depression. Anodal tDCS to the left dorsolateral 

prefrontal cortex has been associated with increased PAS-induced neuroplasticity in the motor 

cortex of currently depressed patients in comparison to sham tDCS (Player et al., 2014), suggesting 

that tDCS induces neuroplasticity. This effect was evident in a greater proportion of patients who 

had received a longer course of tDCS with a minimum of 20 sessions (Player et al., 2014).  
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The prefrontal-limbic dysregulation model of emotion processing of major depression involves a 

dorsal component, which includes the dorsolateral prefrontal cortex, dorsal anterior cingulate 

cortex, hippocampus and middle frontal regions, implicated in attentional and cognitive qualities of 

the disorder, such as cognitive regulation when responding to emotional cues, and a ventral 

component, which includes the amygdala, subgenual anterior cingulate, anterior insula, 

orbitofrontal and ventrolateral prefrontal regions, that are involved in the production of emotional 

states (Mayberg, 1993; Phillips et al., 2003). The rostral anterior cingulate cortex is an important 

region in connecting these components, in which cognitive and emotion processing systems depend 

on coordinated interactions between these two systems, which are impaired in major depression 

(Mayberg, 1993; Costafreda et al., 2013). 

Prefrontal-limbic dysregulation in major depression is characterised by decreased activity in 

prefrontal cortical regions and reduced inhibition in the amygdala (Ressler & Mayberg, 2008; Savitz 

& Drevets, 2009; Costafreda et al., 2013; Fidalgo et al., 2014). The amygdala shows increased 

responsivity to negative stimuli (Fu et al., 2004, 2008; Siegle et al., 2007; Arnone et al., 2012; 

Hamilton et al., 2012). Following treatment with antidepressant medication (Drevets, 2001; Fu et al., 

2004, Arnone et al., 2012), rTMS (Kito et al., 2008; Ding et al., 2014; Luborzewski et al., 2006) as well 

as cognitive behavioural therapy (Fu et al, 2008), normalisation in amygdala activity has been 

observed. 

Ironside et al. (2018) observed a direct relationship between prefrontal cortical and amygdala 

responses in participants with trait anxiety. Following anodal tDCS stimulation over the left 

dorsolateral prefrontal cortex, amygdala “hyper” responsivity was reduced to a similar level to that 

in participants with low anxiety. Behavioural data revealed that following active tDCS, accuracy on 

an attentional load task was improved, reflecting that fearful distractor faces had reduced 

attentional capture and suggesting that the fear response associated with amygdala hyperactivity 

was reduced. Additionally, Nord et al. (2019) reported that dorsolateral prefrontal cortical activity 

was increased during an emotion processing task following active tDCS stimulation combined with 

CBT, which was not observed in patients who had received sham tDCS and CBT, although there were 

not any significant changes in amygdala activity following tDCS. Anodal tDCS is associated with 

increased activation at the stimulation site, typically left dorsolateral prefrontal cortex in major 

depression which in turn could regulate prefrontal cortical-amygdala function. 

Although, functional connectivity changes following tDCS treatment in major depression have not 

yet been reported, a recent TMS study observed increased global connectivity following active rTMS 

but not sham treatment, which were more in line with connectivity in healthy controls, in particular 

significant changes were noted in connectivity between amygdalae and contralateral dorsolateral 

prefrontal cortex (Eshel et al., 2020).  

While the relationship between BDNF levels and tDCS treatment have so far not demonstrated 

significant effects, sample sizes have been small (Loo et al., 2018; Palm et al., 2013; Player et al., 

2014). As LTP is mediated by activity-dependent BDNF secretion (Fritsch et al., 2010) and BDNF 

levels correlate with amygdala responses in major depression (Lorenzetti et al., 2020), there is a 

potential relationship of BDNF with prefrontal-amygdala responses in the clinical efficacy of tDCS 

treatment. 

Neuropsychology 
Anodal tDCS shows a beneficial effect on stress-related emotional reactivity, strengthening cognitive 

processes which modulate negative emotional states in response to stress reactions and attenuating 
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acute stress reactivity (Smits et al., 2020). Improved recognition in an emotional face recognition 

task, most notably for positive faces with anodal tDCS in healthy participants (Nitsche et al., 2012), 

support left dorsolateral prefrontal cortical stimulation in major depression. Anodal tDCS stimulation 

to the left dorsolateral prefrontal cortex increased valence ratings of negative affective images, 

which were perceived as being less negative, as compared to sham and cathodal stimulation (Peña-

Gómez et al., 2011). Ratings of unpleasantness while viewing aversive emotional pictures were 

significantly decreased following anodal tDCS relative to sham tDCS of the left dorsolateral 

prefrontal cortex (Maeoka et al., 2012). Significant decreases in EEG alpha band power and increases 

in beta band power accompanied the subjective responses, reflecting modulation of affective 

processing networks through increased local cortical activity (Maeoka et al., 2012).  

Specific biases in processing affectively negative stimuli and information are evident in major 

depression, including difficulties in attentional disengagement from negative stimuli and 

impaired cognitive control in processing negative stimuli (Mitterschiffthaler et al., 2008; 

Foland-Ross and Gotlib, 2012).  Vanderhasselt et al., (2013) assessed the effects of tDCS on 

cognitive control by using a cued emotional conflict task (CECT). Participants responded to a happy 

or sad face by selecting the same or opposite emotion, depending on the cue they were given. In 

‘opposite’ trials, cognitive control enables one to respond with the incongruent emotion to the 

presented emotional stimuli. A three-way interaction between cue, emotion and group was found in 

healthy participants. tDCS improved reaction times during trials that require an inhibition in 

responses to happy but not sad faces. Vanderhasselt et al. (2014) subsequently observed that 

participants with major depression demonstrated a greater response time to ‘opposite-sad’ than to 

‘opposite-happy’ cue-emotion combination trials, in that response time was slower when addressed 

with a conflict that was negatively valenced than that of the positive conflict. This suggests patients 

had difficulty in overriding a habitual response to negative stimuli. Further, the contrast of ‘opposite’ 

was associated with greater activity in right middle frontal gyrus and bilateral precuneus. In 

comparison to cue-emotion ‘actual-sad’, ‘opposite-sad’ also led to a stronger bilateral activation of 

dorsal anterior cingulate cortex, reflecting enhanced conflict-detection or a compensatory process. 

Both depression and healthy control groups had greater response times for ‘actual-sad’ than ‘actual-

happy’ trials (Vanderhassalt et al., 2014). This behavioural data support both the negative bias and 

reduced cognitive control in major depression, as the response was selectively slower when 

participants were asked to press an incongruent answer (opposite) as a response to negative stimuli 

(sad face). 

Increased accuracy in an affective go-no go task (Boggio et al., 2007) as well as increases response 

rates for negative vs. neutral and positive vs. neutral words in an emotional Stroop task (Brunoni et 

al., 2014) have been found following tDCS.  Salehinejad et al. (2017) reported improvements in 

working memory and attention along with improvements in depressive symptoms in participants 

with major depression who received 10 consecutive daily anodal tDCS sessions over the left 

dorsolateral prefrontal cortex as compared to participants who received sham tDCS sessions. The 

ability of tDCS to improve emotion processing (Peña-Gómez et al., 2011) and affective cognitive 

control (Boggio et al., 2007; Brunoni et al., 2014; Vanderhassalt et al., 2014) in major depression, 

which is associated with improved depressive symptoms, support improved prefontal-limbic 

regulation following tDCS treatment. 

An area of unmet need is how to improve the cognitive impairments in major depression that 

contribute to psychosocial impairments. Impairments in executive functions, attention, memory and 

psychomotor speed are common in major depression, which can be seen during an acute depressive 
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episode and can persist into recovery and remission phases (Paelecke-Habermann et al., 2005; 

Hammar and Ardal, 2009; Shilyansky et al., 2016). 

Preliminary evidence suggests that tDCS could uniquely improve cognitive impairments in major 

depression (Loo et al., 2012; Moreno et al., 2015; Oliveira et al., 2013). Improvement in acute 

working memory after a single session of tDCS has been reported, with (Loo et al., 2012) and 

without (Moreno et al., 2015; Oliveira et al., 2013) concurrent antidepressant medication. tDCS over 

the dorsolateral prefrontal cortex was associated with both improved discriminability and response 

criterion in a working memory n-back task, suggesting an increase of signal-to-noise ratio that 

enables responses to be fine-tuned (Oliveira et al., 2013). tDCS not only modulates affective 

processing but also impairments in executive functions in major depression, which might be evident 

following one session and also following a course of tDCS treatment. Whether the improvements 

endure in the long term require further investigation. 

Is there potential for biomarkers to improve tDCS response?  
Biomarkers are objective biological measures that indicate the underlying pathogenesis of disease, 

including normal biological processes, that aid in the classification of a disease and risk factors 

(Mayeux, 2004). The measurements could be biological media, such as physiological or biochemical 

measures, or brain imaging measures, which link to changes neural structure or function.  

Predictive biomarkers may aid in clinical decision making for tDCS for the forms of depression most 

likely respond and those less likely to respond well to current tDCS montage, such as treatment 

resistant depression. As a predictor of clinical outcome, increased activity in the left dorsolateral 

prefrontal cortex at baseline (Nord et al., 2019) and volume (Bulubas et al., 2019) have been 

associated with improved treatment responses to tDCS. Common and distinct predictors to tDCS 

treatment in comparison with antidepressant medication and psychotherapy treatments (Pizzagalli, 

2011; Fu et al., 2013) are continuing areas of investigation. 

Summary 
A course of active tDCS treatment demonstrates greater clinical efficacy as measured by rate of 

response, remission, and continuous symptom ratings in comparison to a course of placebo sham 

tDCS treatment. However, lack of inferiority to a course of treatment with antidepressant 

medication has not yet been established. The mechanism is proposed to be through neuroplasticity 

with effects observed at the neuronal level. Evidence of neuroplastic effects mediating clinical 

outcome in major depression has been limited to date. Identifying predictive biomarkers is 

important to understanding disease pathophysiology and would aid in clinical decision making. tDCS 

is a potential treatment for individual with major depression who are unable to or prefer not to take 

current first line treatments. With high levels of acceptability, portability, and cost-effectiveness, 

tDCS is a potential first line treatment for major depression.  
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Abstract: 

 

Current treatments for major depressive disorder (MDD) have limited effectiveness and acceptability. 

Transcranial direct current stimulation (tDCS) is a novel non-invasive brain stimulation method that 

has demonstrated treatment efficacy in MDD. tDCS requires daily sessions, however clinical trials have 

been conducted in research centers requiring repeated visits. As tDCS is portable and safe, it could be 

provided at home. We developed a home-based protocol with real-time supervision, and we 

examined the clinical outcomes, acceptability and feasibility. Participants were 26 MDD (19 women), 

mean age 40.9 + 14.2 years, in current depressive episode of moderate to severe severity (mean 17-

item Hamilton Rating Scale for Depression (HAMD) score 19.12 + 2.12). tDCS was provided in a 

bilateral frontal montage, F3 anode, F4 cathode, 2mA, each session 30 minutes, in a 6-week trial, for 

a total 21 sessions. Participants maintained their current treatment (antidepressant medication, 

psychotherapy, or were enrolled in online CBT). Two tDCS device brands were used, and a research 

team member was present in person or by real-time video call at each session. 92.3% MDD 

participants (n=24) completed the 6-week treatment. Attrition rate was 7.7%. There was a significant 

improvement in depressive symptoms following treatment (mean HAMD 5.33 + 2.33), which was 

maintained at 6 months (mean HAMD 5.43 + 2.73). Acceptability was endorsed as “very acceptable” 

or “quite acceptable” by all participants. Due to the open-label feasibility design, efficacy findings are 

preliminary.  In summary, home-based tDCS with real-time supervision was associated with significant 

clinical improvements and high acceptability which were maintained in the long term. 

 

Keywords: 

transcranial direct current stimulation, neuromodulation, non-invasive, major depression, long term 

outcome    
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1. Introduction: 

 

Major depressive disorder (MDD) is a leading cause of disability worldwide and is the most significant 

precursor in suicide (James et al., 2018). MDD is characterised by low mood or loss of enjoyment for 

a prolonged period that is associated with impairments in sleep, appetite, and cognition, as well as 

low energy and often feelings of guilt. MDD is often expressed in impaired interpersonal, school or 

workplace functioning (Wittchen et al., 2011), with a socioeconomic cost of over $326 million in the 

USA (Greenberg et al., 2021) and £9 billion in the UK (Thomas and Morris, 2003). 

 

The most common treatments for MDD are pharmacological and psychological therapies. However, 

the clinical response to a full course of either treatment is usually achieved in less than 50% of patients 

(Cuijpers et al., 2014; Rush et al., 2006). Even after multiple treatment trials, over a third of patients 

do not achieve remission (Rush et al., 2006). Residual symptoms increase the risk of another episode 

and, in turn, repeated episodes, resulting in cycles of more frequent recurrences (Kessing et al., 2004). 

Moreover, up to 40% of patients are not accessing treatment, despite having severe depressive 

symptoms (McManus et al., 2016), and patient preference is an important determinant of 

engagement and clinical outcomes (Windle et al., 2020).  

 

Transcranial direct current stimulation (tDCS) is a non-invasive form of brain stimulation, which is a 

potential novel treatment for depression (Woodham et al., 2021). tDCS delivers a weak direct current 

(0.5-2.5mA), in which electrode placement is typically with the anode over the left dorsolateral 

prefrontal cortex (DLPFC) and cathode over either the right DLPFC, suborbital or frontotemporal 

region (Brunoni et al., 2016b; Fregni et al., 2021). The current changes neuronal membrane potential 

and facilitates discharge. In contrast to rTMS and ECT, tDCS does not directly trigger an action 
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potential. The most common side effects are tingling, itching, burning sensation, skin redness or 

headache, with no differences reported in active relative to sham tDCS (Brunoni et al., 2011).  

 

A course of active tDCS treatment is associated with significant improvements in depressive 

symptoms, clinical response and remission relative to placebo sham stimulation (Brunoni et al., 2016b; 

Fregni et al., 2021). Meta-analyses of randomised sham-controlled trials show that a course 

of tDCS treatment is associated with a fourfold increased rate of clinical response and a threefold 

increased rate of clinical remission (Mutz et al., 2019, 2018). Moreover, the onset of improvement 

might be seen in the first 2 weeks of treatment (Brunoni et al., 2016b; Meron et al., 2015), and the 

strongest efficacy has been observed in first episode and recurrent MDD (Mutz et al., 2019, 2018).  

 

However, tDCS requires daily sessions for several weeks, which are time consuming and potentially 

costly for travel requirements. As tDCS devices are low cost and portable, providing the treatment at 

home could improve availability and engagement. In an open label 4-week trial, Alonzo et al. (2018) 

found a response rate of 38% in 33 MDD patients, and in an open label 6-week trial, Borrione et al. 

(2021) found a response rate of 80% in 5 MDD using a tDCS protocol combined with app-based 

psychological intervention. While treatment effects seem to be evident, long term clinical outcomes 

have not been investigated. We sought to investigate the long term effects, acceptability and 

feasibility of a home-based protocol with clinical assessments at 3 and 6 months.  

 

2. Materials and Methods: 

 

2.1. Study design and tDCS protocol 
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Ethical approval was provided by the London Fulham Research Ethics Committee. All participants 

provided informed written consent. The study was an open-label acceptability and feasibility trial of 

home-based tDCS treatment for MDD (ClinicalTrials.gov ID: NCT03632434). The protocol consisted of 

a 6-week treatment period of active tDCS, consisting of 5 sessions per week for 3 weeks and then 2 

sessions a week for 3 weeks, for a total of 21 sessions. A minimum of 15 sessions was required for 

study completion. Given the novelty of the treatment, ethical approval required that all participants 

receive active tDCS in addition to their current treatment e.g. antidepressant medication, 

psychotherapy, or an online course of cognitive behaviour therapy (CBT), Living Life to The Full 

(www.llttf.com). Long term clinical assessments were conducted at 3 and 6 months by telephone or 

video call. 

 

The anode was positioned over the left dorsolateral prefrontal cortex (DLPFC) (position F3 on the 

international 10/20 EEG system) and cathode over the right DLPFC (position F4). Conductive rubber 

electrodes covered by saline soaked sponges were 35cm2 in diameter. Stimulation was 2mA for 30 

minutes with a gradual ramp up and ramp down of 10 seconds.  A research team member was present 

at each session. In person, the research member provided a discreet presence, remaining in the same 

room as the participant. By Microsoft Teams video call, the research member would have their camera 

on and the participant would have their camera and microphone on, so they could easily communicate 

with the researcher. The researcher would ensure that the participant was visible at the side of the 

screen. The participant and team member did not interact unless the participant required support. 

 

Two tDCS devices were used: Neuroelectrics Starstim 8 system (3 participants) and Flow Neuroscience 

tDCS device (23 participants). The Neuroelectrics tDCS device was initially used, which required in 

person administration as electrodes are placed within a neoprene cap. During the Covid-19 pandemic, 

the Flow tDCS device was used which in a fully remote protocol with real-time remote supervision. 
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The participant would put on the tDCS device with a research team member present by video call. All 

additional study activities were conducted by video call. Written informed consent was provided 

electronically. Neuropsychological assessments were mailed to participants and necessary sections 

were completed by pen and paper. A screenshot of the completed assessment was taken by the 

researcher following completion. 

 

2.2. Inclusion and exclusion criteria 

 

Participants were recruited from online advertisements and GP referrals. Inclusion criteria: (1) adults 

aged 18 or older; (2) current major depressive episode, without psychotic features, defined by 

Diagnostic Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) (American Psychiatric 

Association, 2013), determined by a structured assessment using the Mini-International 

Neuropsychiatric Interview (MINI; Version 7.0.2) (Sheehan et al., 1998); (3) having at least a moderate 

severity of depressive symptoms, as measured by a minimum score of 16 on the 17-item Hamilton 

Depression Rating Scale (HAMD) (Hamilton, 1960); and (4) taking antidepressant medication or 

engaging in psychological therapy, including online CBT. Exclusion criteria: (1) treatment resistant 

depression as defined by poor clinical response to 2 or more antidepressant trials; (2) any concurrent 

DSM-5 comorbid Axis I or II disorder within the previous 6 months; (3) history of bipolar disorder, 

obsessive compulsive disorder, or primary psychotic disorder; (4) significant risk of suicide or self-

harm; (5) pregnant women or women who were breastfeeding; (6) history of ECT, TMS or VNS; (7) any 

exclusion criteria for receiving tDCS, including having a scalp or skin condition (e.g. psoriasis or 

eczema), contact with the scalp is not possible, having metallic implants, including intracranial 

electrodes or a pacemaker,  history of epilepsy or seizure resulting in loss of consciousness, 

neurological disorder or history of migraine.  
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2.3. Clinical assessments 

 

Clinical assessments were conducted at baseline and at weeks 1, 2, 3, 4, 5, 6, 18 and 30, following 

initiation of tDCS sessions. The following rating scales were used: 17-item Hamilton Depression Rating 

Scale (HAMD) (Hamilton, 1960), Hamilton Anxiety Rating Scale (HAMA) (Hamilton, 1959), Sheehan 

Disability Scale (SDS) (Sheehan, 1893), Patient Health Questionnaire-9 (PHQ-9) (Kroenke et al., 2001) 

and Young Mania Rating Scale (YMRS) (Young et al., 1978). Clinical response was defined as an 

improvement of 50% or greater in HAMD, and clinical remission was defined as a HAMD score of less 

than 8. Each participant was rated by the same researcher throughout the study with clinical 

supervision.  

 

2.4. Safety, tolerability and acceptability 

 

Safety and tolerability were assessed with monitoring of any adverse events before and after each 

treatment session at the same timepoints, using the tDCS Adverse Events Questionnaire (AEQ) 

(Brunoni et al., 2011). We devised an acceptability questionnaire based on Sekhon et al. (2017) 

framework model, consisting of five questions: (1) general acceptability: ‘How acceptable do you 

consider the tDCS sessions to be?’; (2) perceived effectiveness: ‘How helpful do you think the tDCS 

sessions may be for improving your depressive symptoms?’; (3) side effects: ‘How likely do you think 

that there will be negative side effects from the tDCS sessions?’; (4) ethicality: ‘How ethical do you 

think the tDCS sessions are?’; (5) burden: How much effort do you think you need to put in for the 

tDCS sessions?’.  Responses were rated on a 7-point anchored Likert scale, ranging from e.g. “very 

acceptable” to “very unacceptable”, with the opportunity for open-ended responses (Table 1). 

Responses were acquired at baseline, 6-week end of treatment and at the 6-month follow up. 
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At the end of treatment and at follow up, the acceptability questionnaire consisted of the same 

questions written in the past tense, with the addition of a sixth question: (6) affective attitude: ‘Would 

you recommend the tDCS sessions to others?’, and questions related to the study design: (7) ‘Please 

explain, in your view, what were the most successful parts of the study?’; (8) ‘Please explain in your 

view what were the least successful parts of the study?’; (9) ‘Are there any ways in which the study 

can be improved?’; (10) ‘Do you have any other comments?’ Participants completed the 

questionnaires in writing or in a video recorded semi-structured interview conducted via Microsoft 

Teams.  

 

2.5. Neuropsychological assessments 

 

IQ was evaluated with Weschler Abbreviated Scale of Intelligence (WASI) (Wechsler, 1999) in person 

or Ammons Quick Test (Ammons and Ammons, 1962) by video call. Neuropsychological functioning 

was assessed at baseline and after sessions 1, 10 and 21, using the Symbol Digit Modalities Test 

(SDMT) (Smith, 1991), to assess psychomotor processing speed and visuospatial attention, and the 

Rey Auditory Veral Learning Test (RAVLT) (Rey, 1964) to assess memory and verbal learning. Different 

versions of each test were used at each session and the administration order was counterbalanced. 

 

2.6. Statistical analysis 

An intention to treat analysis was completed, using a last observation carried forward (LOCF) method 

for missing data on clinical assessments. Four within-subject ANOVAS were conducted, with HAMD, 

HAMA, PHQ-9 and SDS total scores were the dependant variables and assessment time-point was the 

within-subjects factor, with four levels including baseline (t0), end of treatment period (t1), 3-month 

follow-up (t2) and 6-month follow-up (t3). Statistical analyses were conducted using IBM SPSS 
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Statistics for MacOS, version 26.0. All analyses were two tailed and a significance value of p = 0.05 was 

set. Greenhouse-Geisser correction was applied if Mauchley’s assumption of sphericity was violated. 

An analysis was also conducted for participants who completed the course of treatment and both 

follow up sessions. Post hoc pairwise comparisons with Bonferroni corrections were conducted. 

Neuropsychological test scores were analysed with within-subject ANCOVA, examining a main effect 

of time with baseline HAMD scores as a covariate. For the acceptability questionnaire, median and 

interquartile range were calculated at each time point for each response. Nonparametric Friedman’s 

ANOVA was performed to assess the repeated measures for each response for participants with data 

at all three timepoints (n=18), and nonparametric Wilcoxon signed-rank test was used to assess 

significance given the Likert scale, uncertain differences between anchors, and small range of 

response choices.  

 

3. Results 

 

3.1. Participants 

 

26 MDD participants were enrolled (19 women), mean age 40.9 + 14.2 years, mean HAMD 19.12 + 

2.12 (Table 2). Mean duration of the current episode was 17.0 + 11.4 weeks. 12 participants were 

taking antidepressant medication, range 1 week - 10 years prior to starting the study. 13 participants 

had online CBT (Living Life to the Full), and 1 participant had telephone CBT.  92.8% participants (n=24) 

completed the 6-week course of treatment, mean number of tDCS sessions 19.8 + 1.6 (range 15 – 21). 

One participant declined the follow-up sessions and was not included in the completers analysis.   In 

person sessions using the Neuroelectrics device was stopped for 2 participants due to the Covid-19 

pandemic, and remote sessions could not continue for one participant due to a broken device, but all 

participants had completed at least 15 sessions. One participant discontinued after 3 sessions due to 



344 
 

344 
 

physical health and one participant after 12 sessions for personal reasons. Five participants continued 

with tDCS treatment on their own during the 6-month follow up period, 4 continuing twice weekly 

sessions and 1 reporting occasional use.  

 

3.2. Clinical assessments 

For all four time points (weeks 0, 6, and months 3, 6), 88.5% of participants (n=23) completed clinical 

assessments at all time points in the completers analysis. Data was missing for 7.7% of participants 

(n=2) at the end of treatment (week 6) and 11.5% (n=3) at 3- and 6- month follow up.  

 

At week 6, mean HAMD score was 5.33 + 2.33, in which 22 participants (91.7%) show a clinical 

response and 21 participants (87.5%) achieved clinical remission. At the 3-month follow up, mean 

HAMD score was 5.65 + 3.02, clinical response was 20 out of 23 participants (87.0%) and clinical 

remission was 18 out of 23 participants (78.2%). At the 6-month follow up, mean HAMD score was 

5.43 + 2.73, clinical response was 21 out of 23 participants (91.3%) and remission was 17 out of 23 

participants (73.9%). Four participants (16.7%) showed an early response following 2 weeks of 

treatment (10 tDCS sessions); 3 participants were in remission (12.5%).  Significant clinical 

improvements from baseline were maintained at the 6-month follow up in the intention to treat 

analysis (Table 3) as well as completers analysis (Table 4). 

 

HAMA, PHQ-9 and SDS scores showed significant improvements from baseline which were maintained 

from the end of the trial to the 6-month follow up (Table 3, Table 4).  Mean HAMA score at baseline 

was 15.13 + 1.70 (range = 12 - 19), reflecting mild to moderate severity of anxiety. Following treatment, 

the mean score was 6.17 + 2.86 which was maintained at 6 months. Mean PHQ-9 score at baseline 

was 16.04 + 3.81, which improved following treatment (mean 9.00 + 4.28) and was maintained at 6 

months (mean 7.8 + 4.17) follow up. SDS ratings of functional impairment were high at baseline (mean 
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19.09 + 5.57), in which the maximum score is 30. Functional impairment was significantly improved at 

the end of treatment (mean 9.57 + 6.86) and maintained at 6 months (mean 11.85 + 8.15). 

 

3.3. Safety, tolerability and acceptability 

 

The most common side effects were skin redness, tingling, itching or mild burning sensation and 

headache (Supplementary Materials Table 1). 84.9% of reports were rated as mild, 14.5% were rated 

as moderate, and 0.6% were rated as severe, which were for sleepiness (2 reports) and for a positive 

change in mood (1 report). There were no episodes of hypomania or mania as measured by the YMRS.  

 

Acceptability was endorsed as being “very acceptable” at each timepoint with no significant changes 

over time (t1 Mdn=7, IQR=1; t2 Mdn=7, IQR=1; t3 Mdn=7, IQR=1) (X2
F (2) = 2.0, p = 0.368). Ethicality 

remained high at “very ethical” with no significant changes over time (t1 Mdn=7, IQR=1, t2 Mdn=7, 

IQR=1, t3 Mdn=7, IQR=2) (X2
F (2) = 071, p = 0.965). The effort required remained consistent at “little 

bit more than usual” with no significant changes over time (t1 Mdn=3, IQR=2, t2 Mdn=3, IQR=3, t3 

Mdn=3, IQR=1) (X2
F (2) = 3.796, p = 0.150).  

 

There was a significant increase in endorsements from “would recommend” tDCS at the end of 

treatment to “would strongly recommend” at follow up (t2 Mdn=6, IQR=1; t3 Mdn=7, IQR=1; T = 4.5, 

p < 0.01) with a moderate effect size (r = -0.44). 20.8% of participants chose "would very strongly 

recommend" tDCS which increased to 55.6% at follow up (Figure 1). Ratings for perceived 

effectiveness showed an increase from “quite helpful” at baseline to “quite helpful” / “very helpful” 

at follow up, which approached significance (t1: Mdn=6, IQR=1, t2; Mdn=6, IQR=2, t3; Mdn=6.5, 

IQR=1) (X2
F (2) = 5.42, p = 0.067). The impact of side effects showed a decrease from being “a bit 
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unlikely” at baseline to being “very much unaffected” / “quite unaffected” at follow up, which 

approached significance (t1; Mdn=3., IQR=2, t2; Mdn=2, IQR=4, t3; Mdn=1.5, IQR=4) (X2
F (2) = 5.48, p 

= 0.065). 

 

3.4. Neuropsychological assessments 

 

No significant changes in performance were observed in SDMT or AVLT following the initial tDCS 

session, at 10 sessions, or at the end of treatment (Supplementary Material Table 2). Data from one 

participant was not included in the SDMT analysis as they were unable to follow the task instructions.  

 

4. Discussion 

 

Home-based tDCS with real-time remote supervision was associated with significant clinical 

improvements, which were maintained over a 6-month follow up. There was high participant 

retention, high acceptability for the treatment, and adverse effects were transient and mild. Significant 

improvements were also observed in anxiety, self-reported depressive symptoms and in interpersonal, 

social and work functioning.  The high rates of remission were maintained at 6 months, reflecting the 

long term effects of the treatment, and participants reported a noticeable impact in their lives. While 

the present is a home-based study, participants had been experiencing a depressive episode of at least 

a moderate severity for an average of 5 months and the majority had a history of multiple previous 

episodes.  

 

tDCS parameters were based on meta-analyses which demonstrated that treatment effects are most 

evident at 2 mA current of 30 minute stimulus duration for at least 20 sessions in recurrent MDD 
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(Brunoni et al., 2016b; Meron et al., 2015; Mutz et al., 2018). While there is no firm consensus on the 

optimal tDCS dosage, meta-analyses indicate that increased session numbers may be associated with 

improved clinical outcomes (Brunoni et al., 2016b; Moffa et al., 2020; Shiozawa et al., 2014). tDCS and 

rTMS have demonstrated efficacy in treating anxiety disorders (Matza et al., 2010; Vergallito et al., 

2021), and we observed a further long term maintenance of the improvements in the present study.  

In the present study, participants had a concurrent treatment, which included online CBT, while larger 

treatment effects have been observed for tDCS as a stand-alone treatment (Brunoni et al., 2016b; 

Meron et al., 2015).  

 

A significant benefit of a home-based protocol is the flexibility to have regular treatment sessions at 

a suitable time. In the present study, a research team member was present, and participants were 

asked to sit quietly during each session. The presence of an observer is a unique experience which 

could have provided additional treatment effects, which may have contributed to the high rates of 

symptom improvement (Papoutsi and Fu, 2021).  

 

The rate of attrition was 7.7%, which appears to be lower than clinic-based studies with rates of 10.1% 

(Brunoni et al., 2016b) and 14.7% (Moffa et al., 2020) and lower than rates for pharmacological and 

psychological therapies, which range from 11-15% within 8 weeks (Amick et al., 2015; DeRubeis et al., 2005). 

Most participants had experienced skin redness after tDCS at some point during the treatment period, 

although they were generally rated as being mild. Having a research team member present allowed 

for detailed safety monitoring and clinical assessments at each session. Patients may have difficulty in 

managing side effects adequately without regular supervision, which could result in worsening 

adverse effects and in turn discontinuation. Monitoring of daily side effects through completion of an 

online entry though might be sufficient (Alonzo et al., 2019).  
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Overall acceptability was high prior to the start of treatment and remained high at the end of 

treatment and at the 6-month follow up, indicating that anticipated beliefs about the treatment 

were experienced. The low attrition rate seemed also to reflect the high overall acceptability.  

Perceived effectiveness was anticipated to be “quite helpful” and was then experienced to be “quite 

helpful” immediately following the course of treatment, increasing to “very helpful” at follow up. 

High perceived effectiveness paralleled the high response and remission rates in the present study. 

Expecting that a treatment will be beneficial can enhance treatment effects  (Bystad et al., 2015; 

Krell et al., 2004). Furthermore, the increase in perceived effectiveness ratings at the 6-month follow 

up reflected greater certainty in beliefs about effectiveness, likely due to the long term sustained 

improvements. Moreover, there was a significant increase in personal endorsement from “would 

strongly recommend” at the end of the treatment to “would very strongly recommend” at follow up.  

There was a wide range of ratings for side effects, with equal numbers endorsing being “unaffected” 

and being “affected”. Acceptability has usually been measured by tolerability and adverse effect 

attrition (Brunoni et al., 2016a), yet being affected by expected side effects did not appear to impact 

on acceptability ratings. The full range of responses were selected to the question about effort, 

ranging from “very much more [effort] than usual” to “very much less [effort] than usual”. Alongside 

patient beliefs about a treatment, self-efficacy and ease of administration can reduce the likelihood 

of nonadherence to treatment (Bandura, 1978; Horne et al., 2013) and should be considered for 

future community-based tDCS protocols. Ratings for ethicality remained high, ranging from “neither 

ethical or unethical” to “very ethical” with the majority of participants rating the tDCS treatment as 

“very ethical”, perhaps reflecting participants’ informed consent to take part in the study and might 

suggest that the information they had received about treatment was a good representation of the 

treatment.  
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In the present study, pregnant and breastfeeding women had not been included, although rTMS in 

both pregnant women and breastfeeding women has not shown any additional side effects or harm 

compared to other adult populations (Al-Shamali et al., 2022; Cole et al., 2019). In fact, non-invasive 

brain stimulation, including tDCS could potentially be an important alternative treatment in 

peripartum depression (Cole et al., 2019; Pacheco et al., 2021). Future studies should consider 

researching tDCS within these populations and carefully consider if these exclusion criteria are 

necessary. 

 

Limitations of the present study include the lack of a sham tDCS treatment arm as all participants 

received active tDCS treatment in an open-label design. Moreover, having real-time supervision for 

each session likely contributed to symptom improvement. As the protocol was not designed to 

establish efficacy, the findings should be considered as preliminary, and a placebo sham treatment 

control group is required to investigate efficacy.  The acceptability questionnaire that we developed 

was based on Sekhon (2017) framework to assess participant views but there we had not measured 

validity or reliability prior to using the questionnaire, which is required in the early stages of a 

technology intervention cycle (International Test Commission (ITC), 2014).  Further feasibility 

assessment should include access to the technology required for app-based devices as lower 

socioeconomic status is associated with higher rates of depression and reduced life expectancy, but 

internet non-usage is higher amongst people who are economically inactive or on a low income 

(Lorant et al., 2003; Strategic Review of Health Inequalities in England post-2010, 2010; Stringhini et 

al., 2017). It is important to consider potential barriers when assessing access to treatment.  

 

In summary, home-based tDCS with real-time remote supervision was associated with significant 

improvements in depressive symptoms in moderate to severe severity of MDD, which were 

maintained at the long term follow up. The treatment showed high acceptability, tolerability and 
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safety. Home-based tDCS is a potential novel treatment in first-episode MDD.  As all participants had 

received active tDCS with real-time supervision, large-scale randomised sham-controlled trials are 

required to investigate efficacy.   
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Figure Legend 

 

Figure 1. Percentage of participants who endorsed each response in the acceptability questionnaire. 

 

Figure 2. Mean Hamilton Depression Rating Scale (HAMD) total scores in patients at every assessment 

time point from baseline to 6-month follow up, not including missing data. Error bars represent 

standard deviation. Number of participants, n=26 at week 0, n=25 at weeks 1-3, n=22 at weeks 4-6, 

n=23 at months 3 and 6. 

 

Figure 3. Mean Hamilton Anxiety Rating Scale (HAMA) total scores in patients at every assessment 

time point from baseline to 6-month follow up, not including missing data. Error bars represent 

standard deviation. Number of participants, n=26 at week 0, n=25 at weeks 1-3, n=22 at weeks 4-6, 

n=23 at months 3 and 6. 

 

Figure 4. Mean Patient Health Questionnaire-9 (PHQ-9) total scores in patients at every assessment 

time point from baseline to 6-month follow up, not including missing data. Error bars represent 

standard deviation. Number of participants, n=26 at week 0, n=25 at weeks 1-3, n=22 at weeks 4-6, 

n=23 at months 3 and 6. 

 

Figure 5. Mean Sheehan Disability Scale (SDS) total scores in patients at every assessment time point 

from baseline to 6-month follow up, not including missing data. Error bars represent standard 

deviation. Number of participants, n=26 at week 0, n=25 at weeks 1-3, n=22 at weeks 4-6, n=23 at 

months 3 and 6. 
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Table 1. Acceptability questionnaire and responses at baseline (n = 26), at the end of treatment (n = 24) and at 6-month follow up (n = 18). Italics represent post-
treatment phrasing. 

Question 
Median 

(IQR) 
Likert Ratings 

1 2   3 4 5 

 
How acceptable do (did) you consider the tDCS 
sessions to be? 

 
Very 

unacceptable 
Quite 

unacceptable 
 

Unacceptable 
 

Neither 
Baseline 

After 6 weeks treatment 
6 months follow up 

7 (1) 
7 (1) 
7 (1)  

1 (3.8%) 
0 (0%) 

1 (5.6%) 

0 (0%) 
0 (0%) 
0 (0%) 

0 (0%) 
0 (0%) 
0 (0%) 

0 (0%) 
0 (0%) 
0 (0%) 

How helpful do you think the tDCS sessions may be 
(were) for improving your depressive symptoms? 

 

Very unhelpful 

 
 

Quite unhelpful 

 
 

Bit unhelpful 

 
 

Neither 
Baseline 

After 6 weeks treatment 
6 months follow up 

6 (1) 
6 (2) 

6.5 (1) 

0 (0%) 
0 (0%) 
0 (0%) 

0 (0%) 
0 (0%) 
0 (0%) 

1 (3.8%) 
0 (0%) 
0 (0%) 

1 (3.8%) 
2 (8.3%) 
0 (0%) 

How likely do you think that there will be negative 
side effects from the tDCS sessions? / How were 
you bothered by any negative side effects from the 
tDCS sessions? 

 
Very unlikely/ 

Very much 
unaffected 

Quite unlikely/ 
Quite unaffected 

 
Bit unlikely/ Bit 

unaffected Neither 
Baseline 

After 6 weeks treatment 
6 months follow up 

3 (2) 
2 (4) 

1.5 (4) 

2 (7.7%) 
7 (29.2%) 
9 (50%) 

7 (26.9%) 
6 (25%) 

4 (22.2%) 

6 (23.1%) 
0 (0%) 
0 (0%) 

5 (19.2%) 
2 (8.3%) 
0 (0%) 

How ethical do you think the tDCS sessions are? 
 

Very unethical 
 

Quite unethical 
 

Bit unethical 
 

Neither 
Baseline 

After 6 weeks treatment 
6 months follow up 

7 (1) 
7 (1) 
7 (2) 

0 (0%) 
0 (0%) 
0 (0%) 

0 (0%) 
0 (0%) 
0 (0%) 

0 (0%) 
0 (0%) 
0 (0%) 

3 (11.5%) 
3(12.5%) 
4 (22.2%) 

How much effort do you think you need (did you 
need) to put in for the tDCS sessions? 

  
Very much more 

than usual 

 
Some more than 

usual 

 
Little bit more 

than usual 
 

Same as usual 
Baseline 

After 6 weeks treatment 
6 months follow up 

3 (2) 
3 (3) 
3 (1) 

2 (7.7%) 
1 (4.2%) 
0 (0%) 

9 (34.6%) 
5 (20.8%) 
3 (16.7%) 

4 (15.4%) 
7 (29.2%) 
7 (38.9%) 

7 (26.9%) 
5 (20.8%) 
4 (22.2%) 

Would you recommend the tDCS sessions to 
others? 

 Would very 
strongly not 
recommend 

 
Would strongly 
not recommend 

 
Would not 

recommend 
Would not for 

or against 
After 6 weeks treatment 

6 months follow up 
6 (1) 
7 (1) 

0 (0%) 
0 (0%) 

0 (0%) 
0 (0%) 

0 (0%) 
0 (0%) 

1 (4.2%) 
1 (5.6%) 



 

Table 2. Mean baseline demographic and clinical characteristics of MDD participants  

 

Total number (female) 26 (19) 
Age (years) 40.85 (14.16) 
Age range (years) 19 - 73 
Age of onset (years) 22.3 (8.8) 
Years of education  15.38 (2.33) 
IQ  101.04 (8.43) 
Duration of illness (years) 19.36 (12.47) 
Duration of current episode (weeks) 
(range) 

28.87 (32.96) (8-156) 

Previous number of episodes  8 (8.45) 
 
HAMD  

 
19.12 (2.12) 

HAMA  15.19 (1.7) 
PHQ-9  16.19 (4.08) 

 

Mean values are presented with standard deviation in parenthesis.   
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Table 3.  Clinical rating scale scores over course of treatment and at follow up, intention to treat 

analysis 

 

 Baseline 6 weeks 3 months 6 months P-value 

HAMD  19.12 (2.12) 5.92 (3.37) 6.12 (3.80) 5.92 (3.62) <0.001 

HAMA  15.31 (1.69) 6.81 (3.71) 7.50 (4.25) 8.12 (4.26) <0.001 

PHQ-9  16.12 (4.10) 9.35 (4.98) 8.15 (5.60) 8.48 (4.92) <0.001 

SDS 18.73 (5.42) 9.69 (6.75) 9.38 (6.30) 12.33 (7.79) <0.001 

 

Based on an intention to treat analysis, using last observation carried forward (n=26). HAMD, 

Hamilton Depression Rating Scale; HAMA, Hamilton Anxiety Rating Scale; PHQ-9, Patient Health 

Questionnaire-9; SDS, Sheehan Disability Scale. Parentheses represent standard deviation 

 

 

 

Table 4.  Clinical rating scale scores over course of treatment and at follow up, completers analysis 

 

 Baseline 6 weeks 3 months 6 months P-value 

HAMD  19.3 (2.14) 5.44 (2.33) 5.65 (3.02) 5.43 (2.73) <0.001 

HAMA  15.13 (1.7) 6.17 (2.86) 6.96 (3.73) 7.65 (3.85) <0.001 

PHQ-9  16.04 (3.81) 9.00 (4.28) 7.65 (4.95) 7.80 (4.17) <0.001 

SDS 19.09 (5.57) 9.57 (6.86) 8.78 (6.35) 11.85 (8.15) <0.001 

 

Data from participants who completed treatment and follow up (n=23). HAMD, Hamilton Depression 

Rating Scale; HAMA, Hamilton Anxiety Rating Scale; PHQ-9, Patient Health Questionnaire-9; SDS, 

Sheehan Disability Scale. Parentheses represent standard deviation 
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Appendix 7. Publication 3 - Rimmer, R. M., Costafreda, S. G., Mutz, J., Joseph, K., Brunoni, A. R., Loo, 

C. K., ... & Fu, C. H. (2022). Transcranial direct current stimulation effects in late life depression: A 

meta-analysis of individual participant data. Journal of Affective Disorders Reports, 10, 100407. 

 

 

 

Title 

Transcranial direct current stimulation effects in late life depression: a meta-analysis of 
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Abstract 1 

 2 

Background: Late life depression (LLD) refers to major depressive disorder (MDD) in adults 3 

over 65 years. LLD is associated with high morbidity and poor treatment outcomes. 4 

Transcranial direct current stimulation (tDCS) is a novel treatment for MDD. Efficacy in LLD 5 

though is unclear. Our aim was to investigate tDCS efficacy by pooling randomised controlled 6 

trials (RCT) in an individual participant data meta-analysis. 7 

Methods: Databases were searched for sham controlled RCTs of tDCS in MDD and bipolar 8 

depression. Individual participant data (IPD) were requested. Primary outcome was change in 9 

depressive symptoms. Bayesian multilevel modelling meta-analysis was conducted with 10 

individual participants nested within studies. 11 

Results: 6 RCTs were eligible, consisting of 43 participants (22 women), mean age 69.2 years. 12 

Active anodal tDCS over left dorsolateral prefrontal cortex (n=19) was associated with an 13 

improvement in depressive severity, effect size 0.14 (95% credible interval [-0.44;0.15]) as 14 

compared to sham tDCS, which was not statistically significant. There was an 82% probability 15 

that tDCS treatment has a modest but non-null effect in improving depressive symptoms. 16 

Acceptability was high with no significant differences in discontinuation rates between active 17 

and sham groups. 18 

Limitations: The total sample size was small, limiting power. 19 

Discussion: In LLD, tDCS demonstrates a modest but non-null effect in improving depressive 20 

symptoms. Acceptability was high as measured by discontinuation rates. tDCS is a potential 21 

novel treatment option in LLD, though large scale RCTs in LLD are required to investigate this 22 

important clinical application. 23 

 24 

Keywords 25 
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375 
 

375 
 

Introduction 28 

 29 

Late life depression (LLD) refers to major depressive disorder (MDD) in adults 65 years or 30 

older (Lebowitz et al., 1997). LLD is typically associated with comorbid neurological, medical, 31 

and psychiatric disorders and shows a poorer clinical response relative to younger age groups 32 

(Tham et al., 2016). Aetiological mechanisms in LLD are multiple and complex, involving age- 33 

and disease-related processes, including immunological dysregulation, genetic liability, and 34 

cerebrovascular changes (Alexopoulos, 2019). The most common treatments are 35 

antidepressant medication and psychotherapy. Psychotherapy has demonstrated efficacy in 36 

LLD with comparable effect sizes to antidepressants (Cuijpers et al., 2006; Huang et al., 2015). 37 

However, antidepressant adherence rates are low in LLD, in which 11-21% do not start 38 

treatment and 33-38% discontinue treatment early (Holvast et al., 2019). Antidepressants are 39 

also associated with increased rates of adverse effects, including anticholinergic effects, such 40 

as diarrhoea, nausea, and dizziness, and might be contraindicated with other medications 41 

taken in this age group (Krause et al., 2019).  42 

 43 

Transcranial direct current stimulation (tDCS) is a novel treatment for MDD (Woodham et al., 44 

2021). tDCS applies a weak electrical current which modulates cortical tissue excitability, 45 

facilitating neuronal depolarization and leading to polarity-dependent neuroplasticity. The 46 

effect can extend beyond the site of stimulation to deeper brain structures, including anterior 47 

cingulate and amygdala, and is associated with changes in resting state networks (Palm et 48 

al., 2016). tDCS has demonstrated efficacy and acceptability in MDD with a course of active 49 

tDCS treatment is associated with a fourfold increased rate of clinical response (OR = 4.32, 50 

95% CI [2.02; 9.29]) and a threefold increased rate of clinical remission (OR = 3.07, 95% CI 51 

[1.58; 5.99]) as compared to sham tDCS (Mutz et al., 2018). While age has not been found to 52 

have an impact on treatment effect (Razza et al., 2020), these meta-analyses had examined 53 

aggregate data. An individual participant data (IPD) meta-analysis synthesizes the raw 54 
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individual-level data from each study, which can improve quality and reliability statistically as 55 

well as clinically, and is considered the gold standard for meta-analyses (Riley et al., 2010).  56 

 57 

We sought to investigate efficacy and acceptability of tDCS treatment in LLD in an individual 58 

participant data meta-analysis. We examined sham-controlled RCTs of tDCS in MDD and 59 

bipolar depression and approached authors to contribute their trial data in adults aged 65 60 

years and over. 61 

 62 

Methods 63 

 64 

Registration 65 

 66 

The protocol was registered with PROSPERO (No: CRD42019137488) and is reported in 67 

accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 68 

(Supplementary Figure S1). 69 

 70 

Eligibility criteria 71 

 72 

A systematic literature search was conducted using PsycINFO (EBSCO), MEDLINE (PubMed) 73 

and PsychSource (EBSCO) databases from the first available date to 20 October 2021, key 74 

words: ((“bipolar disorder” OR “bipolar depression” OR “major depression” OR “unipolar 75 

depression” OR “unipolar disorder”) AND (“transcranial direct current stimulation” OR 76 

“tDCS”)). References of reviews and included papers were checked for additional publications. 77 

 78 

Inclusion criteria: (i) adults aged 65 years or older; (ii) current major depressive episode with 79 

diagnosis of MDD or bipolar disorder according to DSM or ICD criteria; (iii) sham-controlled 80 

tDCS RCT; (iv) clinician-administered depressive symptom rating scale, e.g., Hamilton 81 

Depression Rating Scale (HDRS) or Montgomery-Åsberg Depression Rating Scale (MADRS); 82 
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(v) being published in English. Exclusion criteria: (i) primary diagnosis other than MDD or 83 

bipolar disorder e.g., postpartum depression, psychotic depression, or secondary to a medical 84 

illness; (ii) co-initiation of any other form of treatment e.g., pharmacotherapy or cognitive 85 

control training.  86 

 87 

Study selection and data extraction 88 

 89 

Abstracts were independently assessed (KJ, RR), and differences were resolved by 90 

consensus with review (CF). Study level data were extracted, and authors were contacted for 91 

non-identifiable IPD and any information not available from the publication. Data consistency 92 

and completeness were checked (RR) and reviewed (CF). 93 

 94 

Risk of bias assessment in individual studies 95 

 96 

Methodological quality was assessed using Cochrane risk of bias tool (Higgins et al., 2021), 97 

which evaluates on basis of selection, performance, detection, attrition and reporting biases 98 

(Supplementary Figures S2-3). 99 

 100 

Specification of outcomes 101 

 102 

Outcome measures were: (1) continuous measure of depressive symptoms, estimated as 103 

difference in z-scaled mood scored from baseline to study end; (2) categorical measure of 104 

clinical response, defined as a 50% or greater improvement in depressive symptoms from 105 

baseline to study end; (3) categorical measure of clinical remission, defined as MADRS ≤10, 106 

17-item HDRS ≤7, 21-item HDRS ≤8, 24-item HDRS ≤9 at study end (Keller, 2003); (4) 107 

acceptability, defined as number of participants who did not complete either active or sham 108 

tDCS treatment arms. 109 

 110 
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For studies which had used two or more depression rating scales, the scale used as the 111 

primary outcome was selected (Loo et al., 2010, Brunoni et al., 2013; Brunoni et al., 2017) 112 

(Supplementary Table S1). For studies with multiple treatment arms, only active and sham 113 

tDCS treatments arms were included. For studies with a crossover design, only the first phase 114 

parallel between-participants data were used.  115 

 116 

Data analysis 117 

 118 

A one-stage IPD Bayesian hierarchical model was conducted as the primary analysis. 119 

Hierarchical meta-analysis allows for modelling of individual-level covariates (age, sex, illness 120 

duration) and their potential interaction with treatment effects, while accounting for clustering 121 

of individual patients within a study (Higgins et al., 2021). One-stage Bayesian methods are 122 

recommended for meta-analysis of small trials with few participants and when heterogeneity 123 

is expected across trials, as uncertainty in estimates can be fully incorporated in the modelling 124 

(Lunn et al., 2013). 125 

 126 

Individual study data sets were combined into a merged data set, with participants nested 127 

within studies. As studies used different rating scales (2 HDRS versions and MADRS), 128 

depression scores were standardised across studies by transforming them into z-scores. For 129 

variables of interest, 4 participants had missing follow-up mood outcome, and 1 participant 130 

had missing disease duration. To maintain the intention-to-treat nature of the analysis, we 131 

assumed data were missing at random, and we imputed missing disease duration and 132 

depression scores at follow-up using a well-established multivariate imputation algorithm (van 133 

Buuren and Groothuis-Oudshoorn, 2011), resulting in multiple (n=200) datasets with imputed 134 

missing values.  135 

 136 

Mixed effects models with random trial-specific intercepts, treatment effects and co-variates 137 

were fitted to these data sets, with results combined into an average fitted model (Bürkner, 138 
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2017). Trial-specific treatment effects were assumed to follow a normal distribution, with the 139 

mean of this distribution representing pooled population-averaged treatment effect. We used 140 

weakly informative prior distributions so information in the dataset would be reflected in final 141 

posterior distributions. In particular, we used a weakly informative normal distribution (centred 142 

at zero and with a standard deviation of 1) as prior distribution of pooled treatment effect 143 

estimate, and similarly weakly informative half-Cauchy prior (scale parameter of 0.5) was used 144 

for between study variability. We used a Markov chain Monte Carlo algorithm to draw samples 145 

from the posterior distribution of parameters of interest (Bürkner, 2017). 146 

 147 

Bayesian IPD meta-analysis was used to predict final depression score with adjustment for 148 

baseline score, age and sex. Additional analyses explored effect of disease duration and 149 

presence of treatment-resistant depression, defined by having persistent depressive 150 

symptoms despite at least 2 adequate treatment trials, and duration of illness. We considered 151 

fitting additional logistic regression models to predict planned categorical outcomes of 152 

treatment response and remission, however this was not possible due to the very limited 153 

number of participants with these outcomes (n=6 clinical response; n=3 remission). Further, 154 

all those who remitted were included in response outcomes.  155 

 156 

Posterior distributions obtained from Bayesian model fitting allow for direct probability 157 

statements, and we report the probability of a beneficial treatment effect of tDCS, along with 158 

point estimates and 95% credible intervals for parameters of interest. Sensitivity analysis on 159 

average pooled tDCS treatment effect, as main parameter of interest, was conducted using a 160 

two-step approach with trial-level estimates of treatment effect estimated and pooled in a 161 

second level frequentist meta-analysis, and last observation carried forward instead of 162 

imputation of missing values (Viechtbauer, 2010). All analyses were conducted using R (R 163 

Core Team, 2018). 164 

 165 

Results 166 
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 167 

Total of 4336 records were assessed, and 9 studies met inclusion and exclusion criteria. 168 

Present analysis consists of 6 studies, 43 participants (22 women) (mean age 69.3 + 4.2 years, 169 

range 65 – 81 years), mean illness duration 145.33 + 151.48 months, from total sample of 617 170 

participants (Loo et al., 2010; Loo et al., 2012; Palm et al., 2012; Brunoni et al., 2013; Brunoni 171 

et al., 2017; Loo et al., 2018) (Supplementary Figure S1). Majority had unipolar depression 172 

76.7% (n=33), and 62.7% met criteria for treatment resistant depression (n=27) (Table 1, 173 

Supplementary Table S1). There were no significant differences in demographics between 174 

tDCS (n=19) and sham control (n=24) treatment groups. There were no cases of treatment-175 

emergent mania. Risk of bias was low for all studies (Supplementary Figures S2-S3). Authors 176 

from remaining studies had not replied to requests or were unable to share individual 177 

participant data.  178 

 179 

Using Bayesian multilevel modelling for IPD meta-analysis, treatment with tDCS was 180 

associated with a reduction of SMD = -0.14 (95% credible interval [-0.44; 0.15]) in depression 181 

scores, relative to sham tDCS, which was not statistically significant.  182 

 183 

Based on estimated posterior distribution of the average effect of tDCS across the studies, 184 

there is an 82% probability that tDCS treatment has at least a small effect (change in 185 

symptoms score < 0) in improving depressive symptoms in LLD. There was no evidence of 186 

significant main effects of age (change per year in SMD = 0.00 95% credible interval [-187 

0.02;0.02]), sex (male sex SMD = -0.09 95% credible interval [-0.27;0.10]), or their interactions 188 

with treatment, though samples sizes were small. There was no evidence of significant main 189 

effect of treatment resistance or illness duration. Sensitivity analysis using a two-step IPD 190 

frequentist meta-analysis with last observation carried-forward showed similar results, with 191 

tDCS treatment associated with a reduction of -0.12 (95% confidence interval [-0.34; 0.12]) 192 

(Figure 1).  193 

 194 
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Most participants completed treatment (n=39; 90.7%). Discontinuation rates were 15.8% 195 

(3/19) for active tDCS and 4.2% (1/24) for sham tDCS, which was not statistically significant 196 

(OR = 4.3, 95% CI 0.41- 45.28, p=0.31). 197 

 198 

Discussion 199 

 200 

The present IPD meta-analysis demonstrates a modest but non-null effect for tDCS improving 201 

depressive symptoms in LLD. While the effect was low and did not reach statistical 202 

significance in the present IPD sample, the sample size was small, and many participants had 203 

a more treatment resistant form of depression, there is a need to conduct an RCT. As 204 

tolerability and acceptability are significant limitations of current treatments in LLD, tDCS offers 205 

a potential novel treatment option. tDCS efficacy has shown an overall effect size that is low 206 

to moderate across all ages (Mutz et al., 2018; Moffa et al., 2020; Zhang et al., 2021), and full 207 

efficacy might become evident over a longer term, from 3 - 6 months (Brunoni et al., 2017). In 208 

the present analysis, outcomes were assessed immediately following the treatment period, 209 

which consisted of 5 - 22 sessions (Loo et al., 2010; Loo et al., 2012; Palm et al., 2012; Brunoni 210 

et al., 2013; Brunoni et al., 2017; Loo et al., 2018), and it is possible that improved outcomes 211 

might been seen with a longer follow up. Moreover, dose has been identified as a significant 212 

and independent predictor (Brunoni et al., 2016). We also considered that treatment resistant 213 

depression might contribute to efficacy, although this was underpowered in the present sample 214 

(Moffa et al., 2020).  215 

 216 

A limitation of this meta-analysis is the small sample size, which limited power to detect an 217 

effect. IPD were collated from large RCTs of all ages, but there has not yet been a large scale 218 

RCT in LLD. There is emerging evidence for tDCS as an adjunct treatment in hard-to-treat 219 

vascular LLD and using novel montages such as high definition-tDCS in LLD (Wong et al., 220 

2019; Zanardi et al., 2021).  221 

 222 
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In summary, the present IPD meta-analysis demonstrates that tDCS has a modest but non-223 

null effect in improving depressive symptoms in LLD. However, the sample was small, and 224 

large-scale RCTs are required to investigate efficacy of tDCS in LLD. Acknowledging these 225 

shortcomings and the modest statistical effects, the findings provide support for further 226 

investigation into the efficacy of tDCS as a treatment for LLD and vascular depression.   227 
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Figure Legends 237 

 238 

Figure 1. Standardised mean difference of depressive scores are presented for each study, 239 

with negative scores indicating a benefit from treatment and favouring tDCS over sham.   240 
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Table 1. Clinical and demographic characteristics  

 

Number of participants is presented with number of female participants in parenthesis. Mean values 
are presented for each variable with standard deviation in parenthesis. As there was one participant 
from Loo et al. (2010), there is no standard deviation for age and no age range. 

 

  Average Loo 

(2010) 

Loo 

(2012) 

Palm 

(2012) 

Brunoni 

(2013) 

Brunoni 

(2017) 

Loo 

(2017) 

Total sample size 43 (22) 1 (0) 5 (2) 7 (5) 4 (2) 7 (3) 19 (10) 

Age (yrs) 69.3 (4.22) 65.0 70.2 (5.17) 70 (4.83) 65.0 (0.00) 68.3 (3.45) 70.4 (4.29) 

Age range 65-81 65 65-78 65-79 65 65-73 65-81 

Education (yrs) 16.72 (3.57) NR NR NR NR 14.3 (3.62) 18 (2.89) 

Unipolar depression 33 1 4 7 4 6 11 

Medication (n) 15 0 1 7 0 2 5 

Duration of illness 
(months) 

145.33  

(151.48) 

6 64  

(81.28) 

219.4  

(110.57) 

11  

(9.42) 

87.17  

(169.68) 

213.89  

(166.00) 

Treatment resistant 

depression (TRD) 

27 0 1 7 0 3 16 



390 
 

 
 

Figure 1. 
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Supplementary Table S1 

Table S1. Summary of the included studies 

  

Study  Loo et al (2010)  Loo et al (2012) 

 

Palm et al (2012) 

 

Brunoni et al (2013)  Brunoni et al (2017) 

 

Study design RCT RCT RCT, crossover 4-arm RCT 3-arm RCT 

Main inclusion MDD MDD ≥3 years MDD MDD, low suicide risk, 

AD free 

MDD 

Depression cut off MADRS ≥ 20 MADRS ≥ 20 HDRS-24 ≥ 18 HDRS-17 ≥ 17 HDRS-17 ≥ 17 

Bipolar disorder Excluded Allowed Excluded Excluded Excluded 

Main exclusion criteria Other Axis I disorders,  

Failure of ECT, 

neurological disorders 

Other Axis I 

disorders, ECT failure, 

neurological 

disorders 

Other Axis I disorders, 

suicidality, neurological 

disorders 

Other Axis I disorders, 

Axis II disorders, 

neurological disorders 

Other Axis I disorders, 

Axis II disorders, 

neurological disorders  

(Anxiety not excluded) 

Primary outcome measure MADRS MADRS HDRS-24 MADRS HDRS-17 

Age range, years 18-65 23-78 36-79 18-65 18-75 

Total Sample Size (n) 40 60 22 120 245 

tDCS characteristics      

Device Eldith DC Eldith DC Eldith DC Chattanooga lonto  Soterix  

Anode F3 pF3 F3 F3 F3 

Cathode RSO F8 FP2 F4 F4 

Frequency, No sessions 5  15 10 10 22 

Weeks, stimulation 2 3 2* 4 10 

Current density 0.29 0.57 0.28-0.57 0.8 0.8 

Session duration (mins) 20 20 20 30 30 

Total charge (mA) 1 2 1-2 2 2 

 AD= antidepressant, HDRS = Hamilton Depression Rating Scale, MADRS = Montgomery-Åsberg Depression Rating Scale; all 

studies completed an intention-to-treat analysis, *crossover +2. 
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Figure S1. PRISMA 2020 flow diagram for new systematic reviews which included searches of 

databases and registers only 
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• Duplicate data (n=1) 
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Figure S2. Cochrane Risk of Bias Graph 
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Figure S3. Risk of Bias Summary 
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Cochrane Risk of Bias Tool – Supporting evidence 

 

Brunoni et al., 2017 

 

 

Loo et al., 2017 

Entry  Judgement  Support for judgement 

Random sequence generation 
(selection bias) 

Low Risk Quote: ’Participants were randomly assigned 
by a computer-generated random number 
sequence to active or sham tDCS with 
permuted-block randomization. Randomization 
was stratified according to . . .[diagnosis]’ 

Allocation concealment 
(selection bias) 

Low Risk Quote: ’Participants were randomly assigned 
by a computer-generated random number 
sequence to active or sham tDCS with 
permuted-block randomization. Randomization 
was stratified according to . . .[diagnosis]’ 

Blinding of participants and 
personnel (performance bias) 

Low Risk Quote: ‘All participants, tDCS treaters… 
were blinded to the participants' tDCS group 
allocation in the RCT phase. The blinding was 

Entry  Judgement  Support for judgement 

Random sequence generation 
(selection bias) 

Low Risk Quote: ‘patients were randomly assigned in 
a 2:3:3 ratio, with the use of a permuted-block 
design’ 
 

Allocation concealment 
(selection bias) 

Low Risk quote: using ‘a computer-generated list, 
to receive one of three regimens’ 

Blinding of participants and 
personnel (performance bias) 

Low Risk Comment: double blind study: Quote: ‘used fully 
automated devices that perform active or sham 
tDCS according to a randomized stimulation 
code’ 

Blinding of outcome 
assessment (detection bias; 
patient-reported outcomes) 

Low Risk Quote:  ‘Patients correctly guessed their trial-
group assignment to escitalopram but not to 
active tDCS’. 
 

Blinding of outcome 
assessment (detection bias; 
all-cause mortality) 

Low Risk Quote: ‘Patients correctly guessed their trial-
group assignment to escitalopram but not to 
active tDCS’. 
 

Incomplete outcome data 
addressed (attrition bias; 
short-term (2-6 weeks)) 

Low Risk Quote: ‘missing data will be handled using an ITT 
approach 

Incomplete outcome data 
addressed (attrition bias; long-
term (> 6 weeks)) 

Low Risk Quote: missing data will be handled using an ITT 
approach 

Selective reporting (reporting 
bias) 

Low Risk All clinical rating scales and cognitive tasks listed 
in Methods were reported. 
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maintained until the entire study was 
completed’. 

Blinding of outcome 
assessment (detection bias; 
patient-reported outcomes) 

Low Risk Quote: ‘All participants … were blinded to the 
participants' tDCS group allocation in the RCT 
phase. The blinding was maintained until the 
entire study was completed’. 

Blinding of outcome 
assessment (detection bias; 
all-cause mortality) 

Low Risk Quote: ‘All … study raters were blinded to the 
participants' tDCS group allocation in the RCT 
phase’ 

Incomplete outcome data 
addressed (attrition bias; 
short-term (2-6 weeks)) 

Low Risk  Quote: ’using a mixed effects repeated 
measures (MERM) analysis. . . more 
appropriately handle missing data relative to 
more traditional repeated measures analytical 
methods’ 

Incomplete outcome data 
addressed (attrition bias; long-
term (> 6 weeks)) 

Low Risk Quote: ’using a mixed effects repeated 
measures (MERM) analysis. . . more 
appropriately handle missing data relative to 
more traditional repeated measures analytical 
methods’ 

Selective reporting (reporting 
bias) 

Low Risk All clinical rating scales and cognitive tasks 
listed in Methods were reported. 

 

Brunoni et al., 2013 

Entry  Judgement  Support for judgement 

Random sequence generation 
(selection bias) 

Low Risk Quote: “A assistant not directly involved in 
other aspects of the trial performed a 1:1:1:1 
permuted block randomization.” 

Allocation concealment 
(selection bias) 

Low Risk Quote: ‘“...the allocation was concealed using a 
central randomization method.” 

Blinding of participants and 
personnel (performance bias) 

Low Risk Quote: “...patients were blinded to the 
treatment"; "..., because the nurses were not 
blinded to the intervention, their interaction 
with the participants was minimal" 

 

Blinding of outcome 
assessment (detection bias; 
patient-reported outcomes) 

Low Risk Quote: " The raters and patients were blinded 
to the treatment"  
 

Blinding of outcome 
assessment (detection bias; 
all-cause mortality) 

Low Risk Quote: " The raters and patients were blinded 
to the treatment" 

Incomplete outcome data 
addressed (attrition bias; 
short-term (2-6 weeks)) 

Low Risk Quote: "Analyses were conducted in the 
intention-to-treat sample according to last 
observation carried forward through the time 
points. Missing data were considered to be at 
random" Comment: measures of at least one 
key outcome were obtained from more than 
85% of the subjects initially allocated to groups. 

Incomplete outcome data 
addressed (attrition bias; long-
term (> 6 weeks)) 

N/A work focused in the efficacy of tDCS during the 
acute phase of the major depressive episode   
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Selective reporting (reporting 
bias) 

Low Risk All clinical rating scales and cognitive tasks 
listed in Methods were reported. 

 

Palm et al., 2012 

Entry  Judgement  Support for judgement 

Random sequence generation 
(selection bias) 

Low Risk Quote: “patients were randomized in two 
groups.” 

Allocation concealment 
(selection bias) 

Low Risk Quote: “...using a PC-generated random 
number list”. Concealment confirmed by the 
authors.  

Blinding of participants and 
personnel (performance bias) 

Low Risk “double blind”; “Two indistinguishable CE-
certified programmable constant current 
DCStimulator were used for active and placebo 
tDCS. ” Personnel blinding confirmed by 
authors  

Blinding of outcome 
assessment (detection bias; 
patient-reported outcomes) 

Low Risk Quote: “double blind”.   

Blinding of outcome 
assessment (detection bias; 
all-cause mortality) 

Low Risk Quote: “rating scales and cognitive tests were 
administered by experienced raters blind to 
treatment conditions..." 

Incomplete outcome data 
addressed (attrition bias; 
short-term (2-6 weeks)) 

Low Risk Quote: “Twenty patients completed the study, 
two dropped out because of personal reasons. 
The data of all 22 subjects were included in the 
analysis (last observation carried forward)."  
 

Incomplete outcome data 
addressed (attrition bias; long-
term (> 6 weeks)) 

N/A Comment: work focused in the efficacy of tDCS 
during the acute phase of the major depressive 
episode 

Selective reporting (reporting 
bias) 

Low Risk All clinical rating scales and cognitive tasks 
listed in Methods were reported. 

 

Loo et al., 2012 

Entry  Judgement  Support for judgement 

Random sequence generation 
(selection bias) 

Low Risk Quote: “participants were stratified by gender 
and age and randomly assigned by a 
computergenerated random sequence” 

Allocation concealment 
(selection bias) 

Low Risk Quote: “The treatment assignment was 
indicated by a code on study treatment sheets, 
which were concealed from raters.” 

Blinding of participants and 
personnel (performance bias) 

Low Risk Quote: “ ...participants(...) masked to group 
allocation.” 

Blinding of outcome 
assessment (detection bias; 
patient-reported outcomes) 

Low Risk Quote: “"...participants (...) masked to group 
allocation." 

Blinding of outcome 
assessment (detection bias; 
all-cause mortality) 

Low Risk Quote: “... raters masked to group allocation 
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Incomplete outcome data 
addressed (attrition bias; 
short-term (2-6 weeks)) 

Low Risk Quote:" Intention-to-treat last observation 
carried-forward scores were used for the 
analyses". Comment: measures of at least one 
key outcome were obtained from more than 
85% of the subjects initially allocated to groups. 

Incomplete outcome data 
addressed (attrition bias; long-
term (> 6 weeks)) 

 N/A Comment: work focused in the efficacy of tDCS 
during the acute phase of the major depressive 
episode 

Selective reporting (reporting 
bias) 

Low Risk All clinical rating scales and cognitive tasks 
listed in Methods were reported. 

 

Loo et al., 2010 

Entry  Judgement  Support for judgement 

Random sequence generation 
(selection bias) 

Low Risk Quote: “Subjects were stratified by age and 
gender and then randomly assigned to active 
or sham treatment groups 

Allocation concealment 
(selection bias) 

Low Risk Comment: allocation concealment confirmed 
by the authors 

Blinding of participants and 
personnel (performance bias) 

Low Risk Quote: “with (...) subjects blind to treatment 
group assignment.”; Quote: “The switching on 
and off of the current was programmed into 
the stimulator and did not require intervention 
by the operator. The machine was placed 
behind the subjects’ heads so that they were 
unable to see the readout on the front panel of 
the stimulator..” Personnel blinding confirmed 
by the authors 

Blinding of outcome 
assessment (detection bias; 
patient-reported outcomes) 

Low Risk Quote:" with (...) subjects blind to treatment 
group assignment." 

Blinding of outcome 
assessment (detection bias; 
all-cause mortality) 

Low Risk Quote: "All ratings were conducted by a 
psychiatrist who was blinded to treatment 
condition..." 

Incomplete outcome data 
addressed (attrition bias; 
short-term (2-6 weeks)) 

Low Risk Quote: “Intention-to-treat last-observation 
carried-forward scores were used for the 
analyses" Comment: measures of at least one 
key outcome were obtained from more than 
85% of the subjects initially allocated to groups 

Incomplete outcome data 
addressed (attrition bias; long-
term (> 6 weeks)) 

N/A Comment: work focused on the efficacy of 
tDCS during the acute phase of the major 
depressive episode 

Selective reporting (reporting 
bias) 

Low Risk All clinical rating scales and cognitive tasks 
listed in Methods were reported. 
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Appendix 8. Ethics Approvals 
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From: Catherine Hitchens <C.Hitchens@uel.ac.uk> on behalf of Research Ethics 

<researchethics@uel.ac.uk> 

Sent: 11 March 2022 14:30 

To: Rachael Michelle RIMMER <u1529350@uel.ac.uk> 

Cc: Cynthia Fu <C.Fu@uel.ac.uk>; Richard Bottoms <R.Bottoms@uel.ac.uk>; Research Ethics 

<researchethics@uel.ac.uk> 

Subject: RE: Change of Project Title on PhD Manager 

  

Dear Rachael, 
  
Thank you for your email. 
  
I confirm that you have ethical approval for your PhD research project, as you are named as a 
researcher on ethics application form ETH2021-0180. 
  
I understand that the research title on the ethics application form ETH2021-0180, cannot be 
amended to the new title of your thesis, for the reasons that you have given in your below email. 
  
Please take this email as confirmation that on this occasion you are not required to submit an ethics 
application form to the University Ethics and Integrity Sub-Committee (EISC) to amend the title of 
your thesis. 
  
Kind regards, 
  
Catherine Hitchens 
Ethics, Integrity and Compliance Manager 
University of East London 
KD2.10, Docklands Campus 
4-6 University Way 
London, E16 2RD 

 
Monday – Friday 8.30am - 4.30pm 
researchethics@uel.ac.uk 
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