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CARTESIAN DUALISM, A PERSISTENT VIEW ON MIND AND BODY 

This thesis focuses on the interface between mind and body, more specifically mood 
disorders and physical conditions (‘mood’ and ‘matter’). Although there is substantial 
evidence that mind and body do not operate separately from each other (Bercik et al., 
2010; Kiecolt-Glaser et al., 2015), the general notion in current medicine still seems to 
support the legacy of Cartesian dualism of mind and body (Demertzi et al., 2009). A 
question often asked in clinical practice is, ‘is it ‘medical’ or ‘psychiatric’? Such dualism 
may deprive patients suffering from psychiatric disorders from adequate medical care 
and may leave psychiatric comorbidity in general medical conditions underdetected and 
undertreated. 

In this thesis, the interface between mood disorders and physical conditions will be 
examined by addressing this topic from different angles. The introduction will provide 
background information on the topics studied in this thesis. First, we will outline current 
evidence indicating that psychiatric illness is not limited to ‘the area above the 
eyebrows’, but affects the whole body, and is associated with increased risk of physical 
illness, including an elevated risk of cardiovascular disease. We will specifically focus on 
a clustering of risk factors for cardiovascular disease, referred to as ‘metabolic 
syndrome’ in patients with bipolar disorder. Second, we will examine a dyad of diseases 
that illustrates the overlap between physical and psychiatric comorbidity: chronic pain 
and depression. We specifically examine the clinical efficacy of mindfulness-based 
cognitive therapy (MBCT), a form of psychotherapy that belongs to a new generation of 
acceptance-based treatments. Specifically, the role of body awareness in the efficacy of 
this intervention will be discussed. Third, we outline the increased evidence that mood 
disorders have a physical substrate in the brain and focus on a specific form of non-
invasive electrical brain stimulation called cranial electrical stimulation (CES). 

Mental illness does not only affect mental health 

Patients suffering from severe mental illnesses (SMI), including schizophrenia, 
schizoaffective disorder, bipolar disorder and major depressive disorder have a reduced 
life expectancy ranging from 13-30 years. Approximately 60 % of this excess mortality is 
accounted for by physical illness (De Hert et al., 2011). A recent meta-analysis from 
Walker et al. (2015) investigating mortality in mental disorders demonstrated higher 
mortality rates among patients with mental disorders in more recent studies compared 
to older studies, indicating that patients with mental disorders did not fully partake in 
the growing life expectancy of the general population. The authors estimate that 14.3 % 
of deaths worldwide are attributable to mental health disorders, ranking these 
disorders among the most substantial causes of death worldwide (Walker et al., 2015). 
Despite these alarming findings, somatic health care for patients with psychiatric 
disorders still is largely neglected; only relatively recently have clinical guidelines 
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emerged for the treatment of psychiatric disorders in the Netherlands that include 
recommendations for regular somatic screening. Moreover, not all Dutch clinical 
guidelines of SMI include somatic aspects. For example, the guideline for major 
depressive disorder (MDD) pays little attention to this (Spijker et al., 2013). In 2015 the 
first Dutch multidisciplinary guideline ‘Somatic Screening for Patients with Severe 
Mental Illness’ was published (Meeuwissen et al., 2015). Although this guideline 
represents a step in the right direction, regular somatic screening patients with SMI is 
for the most part not structurally implemented in daily clinical psychiatric care.  

Metabolic syndrome in bipolar disorder 

Most research on somatic comorbidity in mental illness so far has focused on 
schizophrenia, leaving physical health risks in other SMIs relatively underreported. In this 
thesis we focus on somatic comorbidity in bipolar disorder, particularly on metabolic 
syndrome. Bipolar spectrum disorder (BD) is a severe mental illness characterized by 
recurrent manic, hypomanic and depressive episodes with a lifetime prevalence of 2.4 % 
worldwide (Merikangas et al., 2011). In addition to its disabling impact on mental health, 
it also affects physical health and is associated with premature death with a shortened 
life expectancy of approximately 10 years (Crump et al., 2013; De Hert et al., 2011). 
Cardiovascular disease (CVD) is the leading cause of death in BD with a mortality risk up 
to 2.5 fold higher compared to the general population (Roshanaei-Moghaddam & Katon, 
2009). Metabolic syndrome (MetS) comprises a clustering of interrelated metabolic risk 
factors for CVD and type 2 diabetes mellitus including central obesity, hypertension, 
dyslipidemia and glucose metabolism abnormalities (Grundy et al., 2005). MetS doubles 
the risk of CVD and leads to a five-fold risk of diabetes mellitus type 2 (Grundy, 2016). 
Much remains unknown about the causes of MetS, but central obesity and insulin 
resistance are thought to play an important role (Eckel et al., 2010). Research indicates 
that patients with BD are prone to having MetS. A recent meta-analysis reported a 
twofold risk compared to the general population with an overall mean prevalence rate of 
37.3 % (Vancampfort et al., 2013). The exact cause of this vulnerability is not known, but 
it is postulated that, in addition to unhealthy lifestyles and metabolic side effects of 
psychotropic drugs, genetic, neuroendocrine and immunoinflammatory factors play a 
role (Leboyer et al., 2012). One of the strongest moderators in the meta-analysis was 
geographic region, with prevalence rates varying from 64.2 % in New Zealand and 
Australia, 49.3 % in North America, and 32.4 % in Europe, suggesting that genetic and 
environmental effects play a role in the influencing the rate of MetS in patients with 
bipolar disorder (Vancampfort et al., 2013). Within Europe, prevalence rates vary 
considerably per country as well (McIntyre et al., 2010). However, to our knowledge, 
information on prevalence rates of MetS in BD in the Netherlands is lacking. The present 
study was aimed at estimating prevalence rate of MetS in BD in the Netherlands. 
Because there is considerable undertreatment of somatic comorbidity in patients with 
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BD, due to a variety of reasons including limited medical health care access and 
adherence problems, we also examined rates of drug treatment for MetS components.  

Chronic pain and depression 

Another perspective on the interface between mood and physical disorders studied in 
this thesis is the overlap between chronic pain and depression and the challenge of how 
to treat these. Chronic pain (CP) has been defined as “pain that persists past the normal 
time of healing” (Bonica, 1953). Usually pain is considered to be chronic when it lasts 
for more than 3 to 6 months (Merskey, 1994). Chronic pain is a disabling, costly 
condition with an estimated prevalence rate in Europe of 20 % (Breivik et al., 2006). 
While acute pain is considered a symptom of (potential) tissue damage and has a 
protective function, chronic pain is considered maladaptive; a growing number of 
studies, especially from the neuroscience field, suggest that CP should be viewed as a 
disease rather than a symptom (Tracey & Bushnell, 2009). 

Over the past decades our understanding of chronic pain has grown substantially. 
The view on the neurobiological mechanisms of CP has shifted from the rather simplistic 
Cartesian theory explaining chronic pain as ongoing afferent nociceptive input to an 
otherwise healthy brain (in line with Descartes' famous illustration (Figure 1) of the foot 
and the flame describing the perception of pain as pulling a thread to the brain), to 
conceptualizing chronic pain as a multidimensional experience affecting brain structure 
and function, including both afferent (bottom-up) and efferent (top-down) mechanisms 
(Melzack & Wall, 1965). Neuroimaging studies in patients with chronic pain consistently 
report pathological changes in the central nervous system including enhanced pain 
processing and grey matter decreases in important pain processing and modulatory 
regions (Schmidt-Wilcke, 2015).  

 

 
Figure 1. Illustration of the pain pathway according to Descartes. Source: Traite de l’homme (Treatise of Man) 
René Descartes, 1664. 
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CP is associated with intense suffering and is highly comorbid with psychiatric disorders 
(Demyttenaere et al., 2007). Depression is the most common comorbid condition, with 
a mean prevalence rate of major depressive disorder (MDD) in patients with chronic 
pain ranging from 18 % in population-based settings up to 85 % in specialized pain 
clinics (Bair et al., 2003). The relationship between chronic pain and depression is 
complex. These conditions seem to promote each other's development; chronic pain is 
a strong predictor of developing major depression and vice versa (Kroenke et al., 2011). 
When CP and depression co-exist, this is associated with worse clinical outcome: 
patients with chronic pain and coexistent depression experience greater pain intensity, 
greater interference due to pain, and more pain behaviors (Ciaramella, 2017; 
Haythornthwaite et al., 1991). In addition, when depression is comorbid with chronic 
pain this is associated with poorer occupational (Sullivan et al., 1992) and social 
function (Holroyd et al., 2000), increased health care utilisation (Engel et al., 1996),  and 
increased risk of attempted and completed suicide (Tang & Crane, 2006). 

Because oftentimes in chronic pain no biological substrate can be found, patients 
are frequently treated as though the problem is ‘not real’ and ‘imaginary’, trivializing 
the intense suffering that patients with CP experience. At the same time there is 
paradoxically a high rate of underdetection of highly prevalent comorbid psychiatric 
disorders, like MDD (Salazar et al., 2013). This is an illustrative example of how patients 
can be left undermanaged when taking a non-integrative approach to somatic and 
psychiatric disease.  

Chronic pain and depression have substantial overlap in symptomatology and 
biological underpinnings. Functional Magnetic Resonance Imaging (fMRI) studies show 
that brain areas central to experiencing physical pain are activated in a similar way 
when experiencing emotional pain (Doan et al., 2015; Kross et al., 2011). The pain-
depression link is also supported by similar patterns of changes in neuroinflammatory 
markers including an increase in interleukins IL6, IL1 and brain-derived neurotrophic 
factor (BDNF) (Burke et al., 2015) These findings strongly suggest that physical and 
emotional pain co-occur so often because they share common neural mechanisms. The 
overlap of physical and emotional components of pain is also reflected in its definition: 
“…an unpleasant sensory and emotional experience associated with actual or potential 
tissue damage or described in terms of such damage.”(Merskey, 1994).  

While conventional analgesic treatments are highly effective for acute pain, chronic 
pain generally demonstrates poor response to these therapies. In addition, patients also 
experience burdensome side effects, and opioids - generally the most effective 
pharmacological intervention - have a substantial risk of addiction (Turk et al., 2011).  

It has been suggested that processes underlying the emotional suffering should be 
the key focus in the treatment of chronic pain. Brain imaging studies in patients with 
chronic pain demonstrate enhanced activity primarily in emotional and motivational 
cortical-limbic circuitry, which is also affected in depression (Fang et al., 2012), as 
opposed to increased nociceptive representation (Mansour et al., 2014). 
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In addition, numerous experimental studies have shown that negative affective 
states increase pain perception (Keefe, Lumley et al. 2001). Since depression has such a 
profound impact on pain perception, it makes sense to specifically target depressive 
symptoms when chronic pain is comorbid with clinical depression.  

Successful treatment of depression comorbid with chronic pain is challenging, 
however. Antidepressant medications, including tricyclic antidepressants (TCA’s) and 
serotonin- norepinephrine reuptake inhibitors (SNRI’s) which are commonly prescribed 
to treat depression in chronic pain patients because of their co-occurring analgesic 
properties, often demonstrate poor response (Bair et al., 2004). Side effects and 
potential interactions with medications for chronic pain conditions pose an additional 
challenge for physicians and patients. Established psychotherapeutic interventions that 
focus on affective components of chronic pain, such as cognitive behavioral therapy 
(CBT), demonstrate at best only modest improvements in depression (Williams et al., 
2012). 

Mindfulness-based cognitive therapy for the treatment of depression in chronic 
pain 

Because established psychotherapeutic interventions have limited efficacy on pain and 
comorbid depression, there seems room for improvement and alternative approaches. 
Recently, there has been an increased interest in a new generation of so-called ‘third 
wave’ psychological therapies, including mindfulness-based cognitive therapy (Segal, 
2013), which contain a significant mindfulness component. Mindfulness has been 
defined as “paying attention in a particular way: on purpose, in the present moment, 
and non-judgmentally” (Kabat-Zinn, 1994). Where traditional CBT focuses mainly on the 
content of thoughts, third wave CBT focuses on one's relationship with thoughts, 
teaching patients to cultivate a mindful accepting relationship with thoughts, emotions 
and bodily sensations (Hofmann & Asmundson, 2008). MBCT is a manualized 8 week 
group intervention that integrates elements of CBT and mindfulness meditation 
techniques and was originally developed and proven effective for depression relapse 
prevention (Kuyken et al., 2016); it focuses specifically on ‘decentering’ which refers to 
the process of disengagement of negative automatic thoughts, and it is associated with 
a significant reduction in depressive symptoms (Fresco et al., 2007). ‘Third wave’ CBT 
for acute depression shows promising results, but there is a lack of well-designed 
studies (Churchill et al., 2013). Studies of MBCT for treating depressive symptoms in 
chronic general medical conditions have shown encouraging results but have been 
hampered by methodological shortcomings as well (Gotink et al. 2015).  

To our knowledge no study has been performed on MBCT specifically targeting 
acute depression in patients with chronic pain and comorbid acute depression.  

This thesis reports on the results of a randomized controlled trial of an MBCT 
program specifically targeting acute depression in patients with chronic pain.  
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Mindfulness and Body Awareness 

Body awareness is an integral aspect of mindfulness interventions. It is a complex 
concept that has been ill defined; in earlier studies the term “body awareness” generally 
has a negative connotation and refers to a maladaptive cognitive attitude specified by 
hypervigilance to physical sensations, rumination and catastrophizing with a negative 
impact on pain perception and affective state (Eccleston et al., 1997). More recent 
research focusing on body awareness as a component of mindfulness, demonstrates that 
paying attention to bodily cues can actually have beneficial effects for a number of 
clinical diagnoses, including chronic pain and comorbid depression (van der Maas et al., 
2016). Different styles in attention to bodily sensations may explain the contradictory 
findings of body awareness on clinical outcomes; paying attention to somatic cues in a 
mindful, non-judgemental way is associated with beneficial outcome whereas a state of 
anxious hypervigilance of bodily sensations is associated with poor outcome (Mehling et 
al., 2009). In an attempt to provide more clarity on this construct for research on 
interoception and assessment of mind-body therapies, Mehling et al. (2012) recently 
developed the Multidimensional Assessment of Interoceptive Awareness (MAIA), a 
multidimensional self-report measure of body awareness. This 32-item instrument 
includes 8 different scales designed to measure different modes in attention to bodily 
sensations (including pain) such as ‘Attention Regulation’ and ‘Not Worrying’ with the 
aim to distinguish between beneficial and maladaptive aspects of interoceptive body 
awareness (Mehling et al., 2012). Although body awareness seems to be an important 
aspect of therapies, particularly for painful conditions, there currently is a dearth of 
research on body awareness in relation to clinical outcomes.  The study presented in this 
thesis investigated the effects of MBCT on body awareness in a sample of patients with 
chronic pain and comorbid depression. Furthermore, it explored which aspects of body 
awareness contribute to improvements in clinical outcome.  

Cranial Electrical Stimulation (CES) 

Decades ago psychiatry was unfortunately seperated from neurology and so to say ‘left 
the brain for the mind‘. Neurological disorders were thus deemed ‘organic disorders of 
the brain’ and psychiatric disorders ‘functional disorders of the mind’.  

This separation divorce took place in a period when scientists thought that the brain 
developed only during childhood and then remained relatively unchanged during 
adulthood. We now know that this was incorrect and that the brain continues to change 
during adulthood, a phenomenon referred to as neuroplasticity (Draganski et al., 2004; 
Maguire et al., 2000).  

It has, not surprisingly, been shown that psychotherapeutic interventions, such as 
mindfulness-based therapies, affect brain structure (Fox et al., 2014; Holzel et al., 2011). 
In the past decade there has been a growing interest in harnessing the neuroplastic 



General introduction 

17 

capacity of the brain for the treatment of psychiatric disorders by employing a variety of 
neuromodulatory interventions including electroconvulsive therapy (ECT), Deep Brain 
Stimulation (DBS), Transcranial Magnetic Stimulation (TMS), neurofeedback (NF), and 
transcranial Direct Current Stimulation (tDCS). Another more direct way of affecting 
brain activity in order to treat unipolar depression is a way of non-invasive stimulation 
of the brain called cranial electrical stimulation (CES). CES delivers a low intensity 
electrical current to the brain. To compare, the electric field induced by 
electroconvulsive therapy (ECT) is around 100-1000 fold higher (Lee et al., 2012). The 
electrical current in CES reaches cortical and subcortical areas of the brain and it is 
postulated that it exerts its effects by changes in neurotransmitters, although the exact 
mechanism is still not fully understood (Datta et al., 2013; Zaghi et al., 2010). It has 
been used for over 50 years for the treatment of a variety of conditions, including 
anxiety and depression, however, there is a lack of well-designed double blind studies 
on the effectiveness of CES; a recent Cochrane review on the effectiveness of CES for 
depression was not able to find a single study that met the quality standards for 
inclusion (Kavirajan et al., 2014).  

Electroconvulsive therapy (ECT) is considered a treatment of choice for severe 
treatment resistant depression (van den Broek et al., 2010). While ECT has proven to be 
very efficacious in treating depression it also may cause debilitating side effects 
including significant memory loss (van den Broek et al., 2010). CES might represent an 
alternative option impacting on brain activity with only mild side effects (skin irritation 
at the electrode site and headaches) (Kirsch & Nichols, 2013), which makes it a 
compelling treatment option, particularly for treatment resistant depression. It would 
be helpful for both patients and psychiatrists to have more rigorous randomized 
controlled trials performed on the effectiveness on CES for depression, to make 
informed choices about this widely available treatment modality. There is a broad 
variety of CES devices using different electrical parameters. This thesis includes a report 
of the first double blind randomized controlled study on the safety and effectiveness of 
one of the more popular CES devices that has been marketed in the US for depression 
since the seventies; the FW-100 Fisher Wallace Cranial Stimulator model SLB201-M 
(Fisher Wallace Laboratories, New York, NY), as an add-on therapy for treatment 
resistant MDD. 

AIMS OF THIS THESIS 

We aim to study the interface between mood disorders and their physical aspects, 
including cardiovascular disease risk in patients with bipolar disorder and the 
effectiveness of a mindfulness-based intervention for the treatment of depression in 
patients with chronic pain. This thesis also addresses the notion that mood disturbances 
have a biological substrate in the brain. This is reflected in a study on CES, a form of 



Chapter 1 

18 

non-invasive electrical brain stimulation to treat major depressive disorder, that is 
thought to exert its effects by modulating brain activity. 
This thesis has the following specific aims: 

1. Examine the prevalence rate and factors associated with metabolic syndrome in 
patients with bipolar disorder 

2. Study the effectiveness of mindfulness-based cognitive therapy (MBCT) for the 
treatment of unipolar depression in patients with chronic pain 

3. Examine the effects of MBCT on body awareness and explore its role in the 
effectiveness of MBCT for unipolar depression in patients with CP 

4. Study the effectiveness of a form of non invasive brain stimulation: cranial 
electrical stimulation (CES) as add on therapy for treatment resistant depression 

OUTLINE 

Part 1 

This section concerns elevated cardiovascular risk in patients with bipolar disorder.  
Chapter 2 reports on the first study that has examined the prevalence rate and factors 
associated with metabolic syndrome in Dutch patients with bipolar disorder. It also 
estimates rates of treatment of metabolic syndrome components.  

Part 2 

This section concerns two studies performed on mindfulness-based cognitive therapy 
(MBCT) for unipolar depression in patients with chronic pain. In Chapter 3 we 
investigate the effectiveness of an 8 weeks mindfulness-based cognitive therapy (MBCT) 
program for the treatment of depression in patients suffering from chronic pain. 
Chapter 4 is concerned with the role of body awareness in the effectiveness of MBCT in 
patients with chronic pain and comorbid depression.  

Part 3 

This section concerns the effectiveness of cranial electrical stimulation (CES) for 
treatment resistant major depressive disorder (MDD). In Chapter 5 we report on a study 
that aims to provide preliminary evidence for the safety and effectiveness of a specific 
form of CES as an add-on therapy for treatment resistant MDD. 

Chapter 6 summarizes the main findings and provides a general discussion of the 
implications for clinical practice and future research.  
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ABSTRACT 

Body awareness has been proposed as one of the major mechanisms of mindfulness 
interventions, and it has been shown that chronic pain and depression are associated 
with decreased levels of body awareness. We investigated the effect of mindfulness-
based cognitive therapy (MBCT) on body awareness in patients with chronic pain and 
comorbid active depression compared to treatment as usual (TAU; N=31). Body 
awareness was measured by a subset of the Multidimensional Assessment of 
Interoceptive Awareness (MAIA) scales deemed most relevant for the population. These 
included: Noticing, Not-Distracting, Attention Regulation, Emotional Awareness, and 
Self-Regulation. In addition, pain catastrophizing was measured by the Pain 
Catastrophizing Scale (PCS). These scales had adequate to high internal consistency in 
the current sample. Depression severity was measured by the Quick Inventory of 
Depressive Symptomatology – Clinician rated (QIDS-C16). Increases in the MBCT group 
were significantly greater than in the TAU group on the ‘Self-Regulation’ and ‘Not 
Distracting’ scales. Furthermore, the positive effect of MBCT on depression severity was 
mediated by ‘Not Distracting’. These findings provide preliminary evidence that a 
mindfulness-based intervention may increase facets of body awareness as assessed 
with the MAIA in a population of pain patients with depression. Furthermore, they are 
consistent with a long hypothesized mechanism for mindfulness and emphasize the 
clinical relevance of body awareness. 
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INTRODUCTION 

Chronic pain is a highly prevalent and disabling condition with major impact on 
individuals, their significant others, and society (Turk et al., 2011). Prevalence rates for 
chronic pain range from 10% to 30% (K. J. Reid et al., 2011), and Major Depressive 
Disorder (MDD) is the most frequent psychiatric disorder in patients with chronic pain, 
with a 12-month prevalence ranging from 18% in population based settings up to 85% 
in specialized pain clinics (Bair et al., 2003). Since patients who suffer from both chronic 
pain and depression are particularly difficult to treat (Tunks, 2008), more effective 
interventions for this population are needed.  

Mindfulness-based interventions have recently been shown to be effective for the 
treatment of chronic pain with small to moderate effect sizes on pain and depression 
(Veehof et al., 2011). Mindfulness-based therapies, and particularly mindfulness based 
cognitive therapy (MBCT), also have been shown to be effective for relapse prevention 
in recurrent depression and the treatment of active depression (Hofmann et al., 2010; 
Marchand, 2012; Piet & Hougaard, 2011; Sipe & Eisendrath, 2012). Results from a 
recent pilot randomized controlled trial (RCT) suggested that MBCT may be an effective 
intervention for the treatment of active depression in a population with chronic pain 
(de Jong et al., 2017) 

Because mindfulness-based interventions seem beneficial for chronic pain and 
depression, the question arises how mindfulness exerts its effects. Mindfulness entails 
paying attention to present moment experience, including thoughts, emotions and 
bodily sensations. Training body awareness is a significant component of most 
mindfulness-based interventions, including a body scan, in which individuals specifically 
pay attention to all parts of the body; and yoga, which entails paying attention to 
movements of the body (Kabat-Zinn, 1990; Segal, 2013). Body awareness has been 
proposed as a potential mechanism for the therapeutic effects of mindfulness and is 
considered an integral part of the mindfulness construct (N. Farb et al., 2015; Hölzel et 
al., 2011; Mehling et al., 2009). The definition of body awareness emphasizes the fact 
that this is a complex multi-dimensional construct: “the sensory awareness that 
originates from the body’s physiological states, processes (including pain and emotion), 
and actions (including movement), and functions as an interactive process that includes 
a person’s appraisal and is shaped by attitudes, beliefs, and experience in their social 
and cultural context” (Mehling et al., 2012, p. 2). In this article, the terms body 
awareness and interoceptive awareness are used interchangeably. 

Several studies lend support to the notion of enhanced body awareness through 
mindfulness training. For example, meditators have been reported to show greater 
coherence between objective physiological data and their subjective experience – in 
regard to both emotional experience (Sze et al., 2010) and sensitivity of body regions 
(Fox et al., 2012). With regard to the heart beat perception task, which assesses the 
ability of subjects to accurately determine their heartbeat rate by comparing the 
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subjectively counted heartbeats to heartbeats measured by an electrocardiogram, a 
number of studies with small sample sizes did not find increased interoceptive accuracy 
in meditators (Khalsa et al., 2008; Melloni et al., 2013; Nielsen & Kaszniak, 2006; Parkin 
et al., 2013). However, a large (N=160), recent longitudinal study revealed that heart 
beat accuracy was increased after 39 weeks of a mindfulness-based contemplative 
intervention (Bornemann & Singer, 2015). Neuroimaging studies indicate mindfulness 
training-related changes in brain function and structure in regions that are thought to 
be involved in body awareness (N. A. Farb et al., 2010; N. A. S. Farb et al., 2013; Gard et 
al., 2012; Hölzel et al., 2008; Lazar et al., 2005).  

It has been long postulated that interoceptive awareness plays an important role in 
the experience of emotions (James, 1984) and there is empirical evidence that the 
extent to which one can accurately perceive bodily functions has a positive relationship 
with the intensity of emotions (Herbert et al., 2007). Former studies on this topic in 
clinical populations have mainly focused on anxiety disorders, which demonstrated a 
close association with increased interoceptive awareness (A. Ehlers & Breuer, 1996). 
Depression often entails anhedonia and blunted emotions. In fact, body awareness has 
been found to be reduced in individuals with depression (Dunn et al., 2007; Anke Ehlers 
& Breuer, 1992), and higher levels of depressive symptoms are associated with 
decreased body awareness in healthy subjects (Pollatos et al., 2009). Reduction in 
interoceptive awareness in depression is also supported by a recent neuro-imaging 
study, which shows reduced effective connectivity in networks involved in interoception 
in patients with melancholia (Hyett et al., 2015). A recent study revealed that body 
awareness therapy resulted in decreased self-rated depressive symptoms, but no 
changes in body awareness were found (Danielsson et al., 2014). Whether 
improvements in body awareness lead to reduced depression has yet to be established. 

Variations in body awareness appear to be particularly important in patients with 
chronic pain. Mehling et al. (2013), for example, reported differences in some 
dimensions of interoceptive awareness between patients with current or past low back 
pain and mind-body trained individuals. Neuro-scientific evidence indicates that some 
of the brain regions activated during pain are also activated when engaging in 
interoceptive awareness (Craig, 2003). Attention styles towards chronic pain sensations 
are of key importance for psychological pain management (Johnston et al., 2012), and 
fMRI studies suggest that mindfulness meditation facilitates a reduction of pain through 
increased sensory processing (Gard et al., 2012). Thus, body awareness and pain 
perception are closely linked on a neuro-biological level, such that the enhancement of 
specific styles or dimensions of body awareness may facilitate the self-regulation of 
pain. 

Although body awareness is considered an integral part of the mindfulness 
construct, there has been a paucity of instruments that measure body awareness 
(Mehling et al., 2009). Previous body awareness questionnaires either measured non-
adaptive forms of body awareness (as indicated in disorders such as panic disorder), 
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were uni-dimensional, lacked systematic development, or did not measure body 
awareness specifically, but rather a more general observation ability (Mehling et al., 
2012). The Multidimensional Assessment of Interoceptive Awareness (MAIA; Mehling et 
al., 2012) scale is a relatively new, multifaceted body awareness questionnaire that 
intends to fill the apparent gap.  

Bornemann et al. (2015), who recently translated the MAIA into German and 
demonstrated good scale properties, found that a three-month contemplative training 
that included bodyscan and breath meditation techniques lead to changes on several 
scales in a sample of individuals with good psychological and physical health. Values on 
all scales increased following the training, and changes were significantly greater 
compared to a retest control group for most of the scales. 

While there is evidence for an effect of a mind-body intervention on body 
awareness as measured with the MAIA in a healthy sample, no intervention studies 
have been reported on effects in chronic pain patients or in depressed individuals. In 
the present pilot RCT we investigated the longitudinal effects of MBCT on body 
awareness, as measured by the MAIA in a population of patients with chronic pain and 
comorbid depression. It was hypothesized that MBCT enhances aspects of body 
awareness in this population. Furthermore, as this is the first study using the MAIA in a 
sample of patients with chronic pain and comorbid active depression, we investigated 
the reliability of the MAIA scales in this population.  

METHODS 

Participants 

Participants in this add-on study were part of a larger clinical trial reported elsewhere 
(de Jong et al., 2017). Patients were recruited from different outpatient clinics through 
introduction of the study by their physicians, as well as via web-based advertisements 
and through several online mailing lists. After phone screening and a subsequent in-
person screening visit, eligible participants were offered enrollment and were randomly 
assigned to treatment as usual (TAU) or TAU plus mindfulness-based cognitive therapy 
(MBCT). English-language literate individuals aged 18 or older were eligible if they (a) 
had persistent chronic pain for a minimum of 3 months, (b) met the DSM-IV criteria for 
Major Depressive Disorder (MDD), Dysthymic Disorder, or Depressive disorder Not 
Otherwise Specified (NOS), and (c) a score ≥10 on the QIDS-C16 scale. After initiating the 
study the cutoff was reduced to a QIDS-C16 score ≥6 (indicative of at least mild 
depressive symptoms) to allow more ample recruitment.  

Exclusion criteria were: (a) serious suicide or homicide risk; (b) current or past 
bipolar disorder, current psychotic symptoms, or a current or past primary psychotic 
disorder; (c) diagnosis of substance abuse or dependence disorder during the last 3 
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months; (d) general condition that impedes attendance in group interventions, such as 
severe personality disorders, cognitive impairment, or tendencies toward physical 
aggression; (e) severe and unstable medical illness including cardiovascular, hepatic, 
renal, respiratory, endocrine, neurological or hematological disease; and (f) significant 
present meditation practice with more than 3 hours of mindfulness, insight, or vipassana 
meditation per week. Patients were requested to keep their psychological and 
pharmacological treatment as stable as possible from 8 weeks before the beginning of 
the study until its conclusion.  

Seventy-one participants were screened, of which 40 were randomized to TAU or 
MBCT + TAU in a 1:2 ratio (Figure 1). Participants received $40 for completed study 
participation and provided written informed consent. The study was approved by the 
Partners Human Research Committee, Massachusetts General Hospital (protocol 2011-
P-001699/1). 

Measures 

Multidimensional Assessment of Interoceptive Awareness (MAIA). The MAIA is a 32-item 
instrument that assesses body awareness on 6-point Likert-type scales that range from 
0 (Never) to 5 (Always). It comprises eight scales, namely Noticing, Not-Distracting, Not-
Worrying, Attention Regulation, Emotional Awareness, Self-Regulation, Body Listening 
and Trusting (Mehling et al., 2012). The eight scales have been shown to have adequate 
to excellent internal-consistency reliabilities, with Cronbach’s alphas from 0.66 to 0.87, 
and above 0.70 for five of the eight scales (Mehling et al., 2012). Because the current 
study was an add-on to a larger study, subject burden had to be kept to a minimum. For 
this reason only the scales deemed most relevant for the specific population were 
administered, namely Noticing, Not-Distracting, Attention Regulation, Emotional 
Awareness, and Self-Regulation.  

The Noticing scale assesses the awareness of comfortable, neutral, and 
uncomfortable body sensations. Not-Distracting refers to not ignoring or distracting 
oneself from uncomfortable body sensations such as pain. Attention Regulation is the 
ability to maintain and regulate attention to body sensations, and Emotional Awareness 
is defined as consciousness of the interrelation of emotions and body sensations. Self-
Regulation refers to the ability to control psychological distress by consciously attending 
to body sensations (Mehling et al., 2013). The MAIA Not Worrying scale assesses 
worrying or feeling emotionally distressed in response to uncomfortable body 
sensations including pain and was not administered, since its items are similar to the 
Pain Catastrophizing Scale, which was included in the larger study. 

Pain Catastrophizing Scale (PCS). The PCS is a 13-item scale, comprised of three 
subscales, that measures pain catastrophizing. Pain catastrophizing is defined as “an 
exaggerated negative mental set brought to bear during (actual or anticipated) painful 
experience” (Sullivan et al., 2001, p. 52). The PCS total score can range from 0 to 52 and 
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has been shown to have excellent reliability (Cronbach’s alpha = 0.87; Sullivan et al., 
2001). 

Quick Inventory of Depressive Symptomatology – Clinician rated (QIDS-C16). The QIDS-
C is a widely used clinician rated instrument to assess depression symptom severity. The 
instrument is comprised of 16 items, has good psychometric properties, score range 
from 0-27 and is sensitive to changes in depressive severity (Rush et al., 2003; Trivedi et 
al., 2004). 

Procedure 

Eligible participants were randomly assigned to TAU (control group) or MBCT + TAU 
(intervention group) in a 1:2 ratio, which allowed the main project to fill the MBCT 
groups with participants more quickly. An independent researcher not involved in the 
project generated the randomisation sequence in blocks of five (using the sequence 
generator on www.random.org). In order to assure equal gender distribution in both 
groups we stratified for gender. The intervention group received an 8-week MBCT 
group skills program. Interoceptive awareness, pain catastrophizing, and depression 
were assessed at baseline (week 0), midpoint (week 4), and endpoint (week 8)). 

Intervention 

The intervention consisted of an 8-week group skills program with one 2-hour 
mindfulness training session each week and individual exercises for homework practice. 
It was modeled on the MBCT program developed by Segal (2013), which was developed 
as a program to address recurrent depressive episodes and combines elements of 
cognitive behavioral therapy (CBT), such as psycho-education, with experiential 
mindfulness practices. The program is intended to teach and foster a non-judgmental, 
accepting attitude towards one’s internal and external experience. For the current 
study the original program was adapted to our specific population by modifying the 
psychoeducation and cognitive behavioral therapy elements to a depressed CP 
population. This included psycho-education linking CP, negative thoughts, negative 
emotions, and depressive behaviors such as withdrawal; identifying automatic thoughts 
related to CP; and paying attention to behavioral elements such as pacing of activities. 
We also included meditations that specifically focused on cultivating mindfulness in 
relationship to CP. The MBCT program was led by two instructors, an experienced 
licensed independent clinical social worker (LICSW) and a fellow in psychology and was 
provided free of charge. Subjects that were assigned to TAU were waitlisted and offered 
the MBCT treatment after completion of the study. TAU included all regular visits with 
the pain physician, psychiatrist, psychotherapist and prescribed pain and/or 
antidepressant medications. 
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Statistical analyses 

Differences in patient characteristics at baseline were assessed by performing 
independent-samples t-tests for continuous variables and Chi-square tests for 
categorical variables. To evaluate internal consistency/reliability, Cronbach’s alphas 
were assessed. Inter-scale correlations were obtained for the MAIA subscales and the 
PCS total score based on the data of all subjects at baseline. The effects of 
intervention/group (MBCT + TAU vs TAU) and time (baseline vs. endpoint) on the 
dependent variables body awareness and pain catastrophizing were assessed by 
conducting repeated measures analysis of variance (rmANOVA), with time as repeated 
measure, treatment group as between-subjects factor, and MAIA scales and PCS as 
dependent variables. Assumptions of normality and homogeneity for all outcome 
variables were met. Paired samples t-tests were conducted to compare baseline and 
endpoint scores on the MAIA scales and the PCS within each group. As a measure of 
effect size, Cohen’s d was calculated for each pre-post change. Analyses were 
conducted according to a modified intention-to-treat (ITT) principle with the last 
observation carried forward (LOCF). When endpoint measures were missing, midpoint 
measures were imputed, and if midpoint data were missing, baseline data were used. 
Only participants who attended at least 4 of the 8 classes were included in the analyses.  

The main study, to which this study was added on, revealed a significant effect of 
MBCT (group by time interaction) on depression as measured with the Quick Inventory 
of Depressive Symptomatology – Clinician rated (QIDS-C16) (de Jong et al., 2017). To 
explore if and how this effects is mediated by the MAIA, a multiple mediator model was 
tested. The model comprised group (MBCT + TAU vs TAU) as independent variable, 
depression measured at week 8 as dependent variable and MAIA scales (measured at 
week 8) that revealed significant group by time interactions, as mediators. Depression 
and respective MAIA scales measured at baseline (week 0) were included as covariates. 
Mediation analyses were conducted with a macro by Preacher and Hayes (2008) that 
implements a bootstrapping procedure to create confidence intervals for partial and 
total indirect effects. For mediation analyses only participants who participated in at 
least 4 classes and who had week 0 and week 8 data available were included in the 
analyses and 10,000 bootstrap iterations were used. All analyses were conducted with 
SPSS 21 (SPSS Inc., Chicago, IL, USA). 

RESULTS 

Participant characteristics 

For the main study, 71 patients were screened, of which 40 were randomized to TAU 
(n=14) or MBCT + TAU (n=26) in a 1:2 ratio. Of those 40, 34 completed the pain 
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catastrophizing scale (PCS) and 31 the MAIA at baseline. Of the 14 patients in the TAU, 
12 had PCS and MAIA data and were included in modified ITT analyses. Of the 26 
patients in MBCT + TAU, 22 had PCS and 19 MAIA data. Five of the patients with MAIA 
and PCS data participated in less than 4 sessions of MBCT and were excluded from 
further analyses, resulting in 17 patients with PCS data and 14 with MAIA data in the 
modified ITT analyses (Figure 1). For the mediation analyses 11 subjects with MAIA data 
were in MBCT + TAU and 7 in TAU. 
 

Figure 1: Patient Flow  

LTFU, lost to follow up; MAIA, Multidimensional Assessment of Interoceptive Awareness; MBCT, Mindfulness- 
Based Cognitive Therapy; PCS, Pain Catastrophizing; QUIDS-C, Quick Inventory of Depressive Symptoms-
Clinician Rated; TAU, Treatment As Usual. 

 
Characteristics of participants (n=29) who attended at least 4 classes (MBCT+TAU) or 
had 4 clinic visits (TAU), are shown in Table 1. Types of chronic pain included: chronic 
back pain, neuropathic pain, osteoarthritis, fibromyalgia, and migraines. There were no 
significant differences in demographics and patient characteristics (see Table 1) or in 
average baseline scores on the five MAIA scales or total PCS scores between the two 
groups at baseline (see Table 2). For the collapsed sample that completed the MAIA, 
regardless of class attendance, participants (n=31) were on average 50 years old 

 

Screened in person for eligibility (N=71)
Excluded (N=31)

17 screen failed
Reasons:
• QIDS-C< 6 (4)
• Exclusionary psychiatric disorder  (11) 
• Unreliable reporting (1)
• Practices mindfulness> 3 hrs/week (1)

14 discontinued before baseline
Reasons:

• Withdrawal symptoms from opioids (1)
• Travel too burdensome ( 5)
• Unable to make time commitment (2)
• Scheduled surgery (1)
• In too much pain (1)
• LTFU (2)
• Other (2)

Randomized ( N=40)

Allocated to MBCT (N=26)

• 1 LTFU before start classes
• 6 discontinued study
reasons: 

• Travel burden ( 1)
• Pain flair (1)
• Family issue (1)
• Spiritual issue (1)
• Other (2)

• 19 completed MBCT ( ≥4 sessions)

Per protocol sample: 19

1 LTFU

Per protocol sample: 14

Allocated to Waitlist (N=14)
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(M=49.45, SD=10.58), and college graduates (M=16.30, SD=2.55 years of education). 
Most of the participants were female (74.2%), Caucasian (90.3%), and non-Hispanic 
(83.9%). Three (9.7%) participants were African American and one (3.2%) was Hispanic. 
The largest proportion of participants was married (46.7%) or never married (36.7%), 
and five were separated or divorced (16.7%). Employed participants comprised 32.3% 
of the sample, and disabled ones comprised 32.3% of the sample. Most participants had 
Major Depressive Disorder (MDD; 83.9%), with the remaining 16.1% suffering from 
Depressive Disorder not otherwise specified (NOS). 46.4% of the participants were 
taking Anti-Depressant medication.  
 
Table 1 Participant characteristics (n=29) 

  TAU   MBCT + TAU   t/ χ2-test   

  M/% SD   M SD   t/ χ2 df p 

Age (years) 51.67  10.08 50.06 11.68 0.39 27 0.703 

Education (years)a 16.58  2.61 15.94 2.56 0.65  26 0.519 

Gender (% female) 66.7 76.5 0.34 1 0.561 

Race (%)     0.88 1 0.348 

African-American 16.7 5.9     

Caucasian 83.3 94.1     

Ethnicity (%)     3.28 2 0.194 

Hispanic 0.0 5.9     

Non-Hispanic 100.0 76.5     

Unknown/Not reported  17.6     

Marital status (%)a   0.933 2 0.627 

Never married 25.0 37.5     

Married/Live together 50.0 50.0     

Separated/Divorced 25.0 12.5     

Employment status (%)a   1.67 2 0.435 

Employed 16.7 37.5     

Disabled 41.7 37.5     

Other/Not reported 41.7 25.0     

Type depression (%)   0.20 1 0.653 

NOS 16.7 23.5     

MDD 83.3 76.5     

ADM (% taking)b 50.0     35.3     0.564 1 0.453 

Note. ADM: Anti-Depressant Medication, MDD: Major Depressive Disorder, MBCT: Mindfulness-Based 
Cognitive Therapy, NOS: Depressive Disorder Not Otherwise Specified, SD: Standard Deviation, TAU: 
Treatment As Usual, a: Based on N=28 due to missing value, b: Based on N=27 due to missing values.  

 



Effects of mindfulness-based cognitive therapy on body awareness 

69 

Table 2 Baseline scores on MAIA and PCS 

 
TAU   MBCT + TAU   t-test 

 
M  SD   M   SD   t df p 

MAIA 
         

Noticing  3.13 1.26 
 

2.86 1.01 
 

0.60 24 0.553 

Attention Regulation 2.08 1.34 
 

2.37 1.05 
 

0.60 24 0.550 

Emotional Awareness 2.65 1.63 
 

2.71 1.29 
 

0.11 24 0.912 

Self-Regulation 2.10 1.42 
 

1.98 1.24 
 

0.23 24 0.817 

Not Distracting 2.14 0.80 
 

1.95 1.23 
 

0.45 24 0.657 

PCS    27.17 10.67   31.82 12.28   1.06 27 0.299 

Abbreviations. MAIA, Multidimensional Assessment of Interoceptive Awareness; PCS, Pain Catastrophizing 
Scale. 

Scale properties 

Table 3 summarizes scale means with standard deviations, range of observed values, 
Cronbach’s alphas, and range of item-scale correlations of the MAIA and the PCS for the 
entire sample (n=31 and 34 respectively) at baseline. Cronbach’s alphas for three of the 
five administered MAIA scales were excellent and ranged from 0.92 (Attention 
Regulation) to 0.94 (Emotional Awareness). The Not-Distracting and Noticing scales had 
alphas of 0.72 and 0.67 respectively. The PCS had a Cronbach’s alpha of 0.93. 

Table 4 shows Pearson correlations between the MAIA scales. The correlations 
ranged from 0.76 for Self-regulation and Emotional awareness and 0.71 for Emotional 
awareness and Noticing, to less than 0.29 for Not Distracting, which did not correlate 
significantly with any other MAIA scale (r≤|0.29|).  

 
Table 3 Scale properties. Reliability (Cronbach’s alpha), Item-Scale Correlations, and Descriptive Statistics for 
MAIA Scales and PCS Total Score in the Total Sample  

Scale # of items Alpha 
Range of Item-Scale 
Correlations Mean (SD) Observed range N 

MAIA 
      

Noticing 4 0.67 0.65-0.74 3.10 (1.15) 1-5 31 

Attention Regulation 7 0.92 0.64-0.91 2.42 (1.22) 0.1-4.57 31 

Emotional Awareness 5 0.94 0.85-0.93 2.73 (1.50) 0-5 31 

Self-Regulation 4 0.93 0.89-0.96 1.92 (1.37) 0-4.5 31 

Not Distracting 3 0.72 0.49-0.84 2.04 (1.06) 0.3-5 31 

PCS 13 0.93 0.51-0.85 30.18 (11.63) 4-52 34 

Notes. a Range of item-scale correlations; b Possible range for MAIA: 0-5; for PCS: 0-52. 
Abbreviations. MAIA, Multidimensional Assessment of Interoceptive Awareness; PCS, Pain Catastrophizing 
Scale. SD: Standard deviation 
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Table 4 Scale-scale correlations. Pearson product moment correlations among MAIA scales in the total sample 
(N=31) 

Scale Noticing 
Attention 
Regulation 

Emotional 
Awareness 

Self-  
Regulation Not Distracting 

Noticing - 
    

Attention Regulation 0.53** - 
   

Emotional Awareness 0.71** 0.62** - 
  

Self-Regulation 0.52** 0.50** 0.76** - 
 

Not Distracting 0.02 0.17 -0.29 -0.09 - 

Notes. **Correlations are significant at p < 0.01. 
Abbreviations. MAIA, Multidimensional Assessment of Interoceptive Awareness. 

Effects of MBCT on Body Awareness 

For Noticing, no significant group-by-time interaction (F=(1, 24)=0.18, p=0.676, 
ηp

2=0.007) and no significant main effect of time (F=(1, 24)=2.59, p=0.121, ηp
2=0.097) 

was found. No significant within group changes between the pre- and the post-
treatment measurements were found in either group (Figure 2a, Table 5), with effect 
sizes of the pre-post change being medium for the treatment group but small for the 
control group (Table 5). 

For the Attention Regulation scale, no significant group-by-time interaction effect 
(F(1, 24)=0.03, p=0.863, ηp

2≤0.001) was found, but a significant main effect of time was 
revealed (F(1, 24)=5.34, p=0.030, ηp

2=0.182). Paired sample t-tests showed significant, 
medium size increases of Attention Regulation scores in the control group (Figure 2b, 
Table 5). The increase in Attention Regulation in the MBCT group did not reach 
statistical significance, despite its large effect size (Figure 2b, Table 5).  

For Emotional Awareness, no significant group-by-time interaction effect (F(1, 
24)=2.17, p=0.153, ηp

2=0.083) was found, but a significant main effect of time was 
revealed (F(1, 24)=4.63, p=0.042, ηp

2=0.162). Paired samples t-tests revealed a large 
and significant increase in Emotional Awareness over time within the treatment group, 
while the change within the control group was small and not significant (Figure 2c, 
Table 5) 

A rmANOVA revealed a significant group-by-time interaction for Self-Regulation (F(1, 
24)=5.93, p=0.023, ηp

2=0.198). This interaction was driven by large and significant 
increases in Self-Regulation over time in the treatment group and small but significant 
increases in the control group (Figure 2d, Table 5). Furthermore, the analyses revealed a 
significant main effect of time (F(1, 24)=22.86, p<0.001, ηp

2=0.488).  
For the Not Distracting scale, a significant group-by-time interaction was revealed 

(F(1, 24)=4.87, p=0,037, ηp
2=0.169; Figure 2e). This interaction was driven by an 

increase in Not Distracting scores in the treatment group and a decrease within the 
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control group, none of which reached statistical significance. No main effect of time 
(F(1, 24)=0.45, p=0.511, ηp

2=0.018) was found.  
For pain catastrophizing, no significant group-by-time interaction effect (F=(1, 

27)=1.15, p=0.294, ηp
2=0.041) was revealed. The main effect of time approached 

significance (F=(1, 27)= 3.60, p=0.069, ηp
2=0.118). Analysis showed a large and 

significant decrease of pain catastrophizing within the MBCT group, but only a small and 
not significant decrease in the control group (Figure 2f, Table 5).  
 

 
Figure 2. Pre-post changes and group by time interactions.  

Error bars are ± 1 SEM; Asterisks above the × symbols indicate significant p-values based on group by time 
interaction effects as revealed by repeated measures ANOVAs; Asterisks above the bars indicate significant p-
values based on pre-post treatment changes as revealed by paired-samples t-tests 
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Body Awareness as mediator 

A multiple mediator model as described by Preacher and Hayes (2008) was tested. The 
model (Figure 3) was comprised of group (MBCT + TAU vs TAU) as independent variable, 
depression measured with QIDS-C16 at week 8 as dependent variable, and the MAIA 
Not Distracting and Self-Regulation scales, measured at week 8, as mediators. QIDS-
C16, MAIA Not Distracting and Self-Regulation scales measured at week 0 were included 
as covariates.  

Analyses resulting in bias-corrected confidence intervals (CI) based on 10,000 
bootstrap iterations, revealed a significant indirect effect of group on depression 
through the MAIA scale Not Distracting (a1×b1=-3.584, 95% CI -8.880 to -0.357), but not 
through the Self-Regulation scale (a2×b2=-2.317, 95% CI -8.733 to 0.284). There also was 
a significant direct effect of group on depression (c`=4.817, p=0.0485) independent of 
Self-Regulation or Not Distracting. These findings indicate that the effect of MBCT on 
depression was partially mediated by Not Distracting but not by Self-Regulation. 
 

 
Figure 3. Mediation model.  

Mediation model for the effect of group (Mindfulness-Based Cognitive Therapy + treatment as usual (TAU), vs 
TAU alone) on depression (measured with the Quick Inventory of Depressive Symptomatology – Clinician 
rated) through the Not Distracting and Self-Regulation scales of body awareness as measured with the 
Multidimensional Assessment of Interoceptive Awareness (MAIA). Analyses are based on N=18 and numbers 
are standardized regression coefficients. Note: *p<0.05, **p<0.01. 

DISCUSSION 

In the present study, we investigated the effects of MBCT on body awareness as 
measured with the MAIA in patients with chronic pain and comorbid active depression. 
To our knowledge, this is the first RCT that investigates the effects of MBCT on body 
awareness as measured with the MAIA in patients with chronic pain and depression. 
The MAIA appears a reliable instrument with scales of adequate consistency in this 
newly studied population. In accordance with our hypothesis, MBCT resulted in 
increases for several dimensions of body awareness in the studied patient population. 
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More specifically, a significantly greater increase in Self-Regulation and Not Distracting, 
but no changes in Noticing in the MBCT group as compared to the TAU group were 
observed. In addition, participants in the MBCT group, but not in the control group, had 
increases in Emotional Awareness. For Pain Catastrophizing, we found significant 
decreases within the treatment group, but not within the control group. Furthermore, 
mediation analyses revealed that the effect of MBCT on depression was mediated by 
Not Distracting, but not by Self-Regulation. We discuss these results for each dimension 
of body awareness separately in more detail below. 

Self-Regulation 

The finding of a significantly greater increase in Self-Regulation ratings in the treatment 
than in the control group is in line with findings by Mehling et al. (2013; 2014). In two 
cross-sectional studies they showed that patients with chronic lower back pain who 
were practicing mind-body therapies (Mehling et al., 2013), or Yoga and meditation 
(Mehling et al., 2014) had greater self-regulatory body awareness than patients without 
such practice. In the cohort study (Mehling et al., 2014), this difference was more 
pronounced for the Self-Regulation dimension than for any of the other dimensions of 
body awareness. Similarly, Bornemann et al. (2015) also found that increases following 
three months of contemplative training including bodyscan and breath awareness 
meditation were largest on the Self-Regulation scale (effect size d = 0.72). Our study 
extends the previous findings by demonstrating effects through a well-established 
intervention (MBCT) in a patient population (chronic pain with active depression). 

The present findings of a change in Self-Regulation through a mindfulness 
intervention are consistent with a hypothesized link between mindfulness and 
enhanced self-management (Baer, 2003), a concept closely related to general self-
regulation (Vohs & Baumeister, 2011). Our findings also converge with empirical 
evidence for better general self-regulation of chronic pain through a mindfulness 
intervention (Kabat-Zinn et al., 1985), as well as with evidence from paradigms with 
acute pain induction, in which mindfulness practice enhanced pain tolerance (Gard et 
al., 2012; Kingston et al., 2007), thereby having potential clinical implications. 

Emotional awareness 

Paired samples t-tests revealed a large and significant increase in Emotional Awareness 
over time within the treatment group, while the change within the control group was 
small and not significant However, no significant group by time interaction was found. 
The significant increase in Emotional Awareness over time in the treatment group is in 
line with the expectation that the MBCT intervention increases the awareness of the 
connection between body sensations and emotional states and corresponds to results 
by Mehling et al. (2013; 2014). Their group found that levels of Emotional Awareness 
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were higher in chronic pain patients with mind-body practice than in patients without 
such practice (Mehling et al., 2013). Bornemann et al. (2015) also found significant 
increases of scores of the Emotional Awareness scale following three months of 
bodyscan and breath awareness training, but the effect size was rather small (<0.20). 
Beyond the body awareness specific construct of Emotional Awareness, our findings 
confirm theory (Bishop et al., 2004; Phillipot & Segal, 2009) and previous evidence that 
suggests an association between mindfulness and general emotional awareness 
(Boden et al., 2014; Sze et al., 2010). 

In light of evidence that demonstrates that emotional awareness is linked to better 
clinical outcomes and quality of life (Boden et al., 2014; V. Williams et al., 2010), as well 
as to reductions in depression symptomatology and in depression-related affective and 
cognitive outcomes (Arch & Craske, 2006; N. A. Farb et al., 2010; Goldman et al., 2005), 
the present findings of increased Emotional Awareness in the MBCT group may be 
relevant for clinical practice. 

In the present study, the Emotional Awareness and Self-Regulation scores were 
strongly correlated (r=0.76). Similarly, Mehling et al. (2013) found a relatively high 
correlation between these two scales (r=0.60) in patients with chronic pain, as well as in 
body-mind practitioners, and Bornemann et al., (2015) also found a considerable 
interscale correlation between these two scales (r=0.46). These findings may 
correspond to the notion of the general self-regulation concept (Baumeister et al., 
1998; Muraven & Baumeister, 2000) as being closely related to emotion regulation 
(Vago & Silbersweig, 2012; Vohs & Baumeister, 2011).  

Not Distracting 

The significant group-by-time interaction on Not Distracting was driven by a decrease in 
the TAU group and an increase in the MBCT+TAU group. Distracting oneself from 
uncomfortable body sensations or ignoring them, is a common coping strategy in 
chronic pain (Peres & Lucchetti, 2010; M. C. Reid et al., 2002), as well as in depression 
(Matheson & Anisman, 2003). In the intervention group, however, subjects learned to 
pay mindful attention to all body sensations including pain and depression-related 
symptoms, independent of their valence. In the control group, subjects did not learn to 
use this alternative approach and may have practiced the more common coping 
strategy of distraction so that they became ‘better’ at ignoring and distracting 
themselves from uncomfortable body sensations.  

Correspondingly, when a sample of patients with chronic lower-back pain was 
compared to healthy mind-body therapy practitioners, the mind-body sample had 
significantly higher Not Distracting scores (Mehling et al., 2013). However, contrary to 
our findings, Mehling et al. (2013) found no significant difference between the Not 
Distracting capacities of those patients with past or current pain that did have mind-
body therapy experience and those that did not have such practice. Bornemann et al. 
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(2015) did not find that changes on the Not Distracting scale in healthy participants, 
following bodyscan and breath awareness training were significantly higher than those 
in the retest control group. These discrepancies between the studies may be due to 
methodological differences, differences in the interventions, and differences in the 
studied population. Our findings are further aligned with prior studies showing a 
negative association between mindfulness and experiential avoidance (Riley, 2014), and 
general distraction (Jain et al., 2007).  

In the present study, we did not find correlations between the Not Distracting scale 
and any other MAIA scales. This result corresponds to the finding by Mehling et al. 
(2013) that Not Distracting scores were not correlated with the other scales in their 
large (N = 301–434) chronic pain sample. Bornemann et al. (2015) on the other hand 
found that the Not Distracting scale was significantly correlated with all other scales in 
their sample of healthy patients. This difference might be due to their very large sample 
size (N=1,076) or due to the fact that they investigated a sample of healthy participant. 
These findings may indicate that in patients with chronic pain, a coping style of not 
distracting from pain is independent of the other aspects of body awareness.  

A striking finding of the present study is that Not Distracting mediates the effect of 
MBCT on depressive symptom reduction. This finding supports the clinical importance 
of the Not Distracting aspect of body awareness. Furthermore, while it has long been 
hypothesized that the effects of MBCT on depression are mediated by body awareness, 
this is to our knowledge the first study supporting such a relationship (Michalak et al., 
2012; Michalak et al., 2011; Michalak et al., 2010; van der Velden et al., 2015). 

Although previous research has shown that for depression, distraction may be an 
effective coping style, mindfulness is even more effective in reducing negative mood 
(Broderick, 2005; Huffziger & Kuehner, 2009). Furthermore, mindfulness has been 
shown to be better in reducing acute pain than distraction in individuals with high levels 
in pain catastrophizing (Prins et al., 2014). Similarly, in patients with chronic pain that 
had high health anxiety, paying attention to sensations resulted in greater pain relief 
than distraction (Hadjistavropoulos et al., 2000), which is in line with the notion that 
“one problem in chronic pain is not only the pain itself, but the ‘turning away’ from, the 
averting of attention from the regions that give rise to painful sensations, either 
through deliberate distraction, or by thinking about the pain (conceptually) rather than 
experiencing the sensations directly” (J. M. G. Williams, 2010). More in general, 
experiential avoidance is associated with a wide variety of psychopathology (S. C. Hayes 
et al., 1996) and coping strategies that work contrary to avoidance, such as mindfulness 
are related to better mental health outcomes (V. Williams et al., 2010).  

Together these findings suggest that the Not Distracting aspect of body awareness 
may be an important predictor of depressive symptoms and potentially of mental 
health in general, and that it can be cultivated through mindfulness based 
interventions. 
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Noticing and Attention Regulation 

The present study did not detect significant changes in the awareness of 
uncomfortable, comfortable, and neutral body sensations as a result of the MBCT 
intervention. However, the effect sizes of the pre-post changes in the treatment group 
were of medium size, whereas the increases in the control group only had a small effect 
size. These findings contrast earlier findings where large differences in MAIA Noticing 
scores were found between individuals with chronic pain who had mind-body practice 
and those patients who did not have such practice (Mehling, 2012). Our findings are in 
line with those of Bornemann et al. (2015), who despite a very large sample size did not 
find a significantly greater increase in the contemplative training group than in the rest 
control group. 

No significant group by time interaction was revealed for Attention Regulation, 
indicating that MBCT did not result in increases of the ability to sustain and control 
attention to body sensations. The absence of a significant increase of Attention 
Regulation in the MBCT group is surprising, given that previous studies found that mind-
body therapy practicing patients with back pain had higher scores of Attention 
Regulation than non-practicing patients (Mehling et al., 2013; Mehling et al., 2012), and 
that bodyscan and breath awareness training lead to large effects on Attention 
Regulation in healthy participants (effect size d = 0.54; Bornemann et al., 2015).  

It remains an open question whether the absence of significantly greater increases 
in Noticing and Attention Regulation in MBCT+TAU than in TAU is specific for the 
studied patient population and intervention, or just a lack of power. Larger studies are 
warranted. 

Pain Catastrophizing 

The absence of a group by time interaction for pain catastrophizing indicates that there 
were no greater changes in pain catastrophizing in the MBCT group than in the control 
group. However, the main effect of time was approaching significance and was driven 
by a large and significant decrease within the MBCT group and a small, non-significant 
decrease in the control group.  

Consistent with the significant decrease in pain catastrophizing within the MBCT 
group, Mehling et al. (2013) showed that pain patients who practiced mind-body 
therapies worried less about their pain or other uncomfortable body sensations than 
individuals without mind-body practice. Furthermore, our findings are aligned with a 
growing body of evidence showing that in patients with chronic pain, mindfulness and 
participation in mindfulness-based interventions are related to decreases in pain 
catastrophizing (e.g. Cassidy et al., 2012; Day et al., 2014; Garland et al., 2012; Schutze 
et al., 2010) but see (De Boer et al., 2014).  
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Limitations  

The present study has several limitations. First, this pilot study had a relatively small 
sample size, resulting in low power to detect true effects. Yet despite this limitation, 
some significant effects were found.  However, it must be mentioned that because of 
the small sample size we chose a less conservative statistical approach and did not 
correct for multiple comparisons. Second, because of the pilot nature of this study, we 
used TAU as a control group, which does not adequately control for ‘placebo effects’ 
induced by non-specific factors like attention in patient-provider interactions.(Goyal et 
al., 2014). This means that, theoretically, the clinical improvement could be due to non-
specific factors like attention and expectations about improvement and not due to the 
specific effects of MBCT. We did try to control for attention as much as possible by 
keeping all office and phone visits with the clinician equal in both the MBCT group and 
TAU group. In future larger studies it would be imperative to compare MBCT to an 
active non specific control group, such as group sessions including psycho-education 
and gentle stretching exercises without any mindfulness components, as in the study of 
Hoge et al. (Hoge et al., 2013). Third, the MAIA is a relatively new scale that requires 
further refinement and validation in different populations. Fourth, because the 
intervention produced skills and understanding of concepts that were relatively new to 
participants at baseline, subjects may have reached a different understanding of the 
concepts enquired by the MAIA items post-treatment. While the first three limitations 
can be addressed by larger studies with active control groups and future versions of the 
MAIA, the last limitation is probably inherent to interventions that result in a change of 
perspective and thus more difficult to address. Using behavioral data might help to 
validate self-report instruments. Finally, because there were too many missing midpoint 
data, we conducted mediation analysis only on the endpoint data, which decreases the 
degree of causal specificity (Kazdin, 2007). However, Hayes argues that mediation 
analysis is still valuable, even when data collection of the mediator and outcome 
variable is at the same timepoint (A. F. Hayes, 2013). The findings on the mediation 
analysis in this study should be interpreted as tentative and purely hypothesis 
generating. Future larger studies with MBCT in this population with the assessment of 
the MAIA subscales of potential mediators at multiple time points are warranted, to 
permit more conclusive statements. 

CONCLUSION 

In summary, our data suggest that MBCT can increase several dimensions of body 
awareness as measured with the MAIA in patients with chronic pain and comorbid 
active depression. In particular, the Not Distracting aspect of body awareness mediated 
the positive effect of MBCT on depressive symptoms. Furthermore, the MAIA appears 
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to be a reliable instrument for measuring self-reported body awareness in this 
population. This finding is important because the reliability of this new and increasingly 
used instrument for measuring body awareness has so far not been assessed in a 
population of patients with chronic pain and comorbid depression. Our finding that 
MBCT can increase self-reported body awareness represents the first preliminary 
evidence in support of a causal link between a mindfulness-based intervention and 
increased body awareness (as measured with the MAIA) in this population. Finally, the 
fact that body awareness mediated the effect of MBCT on depressive symptoms 
provides preliminary first evidence for this long-hypothesized relationship and indicates 
that body awareness has clinical relevance as an element of mindfulness approaches in 
the studied population.  
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ABSTRACT 

We examined efficacy and safety of one specific cranial electrical stimulator (CES) 
device at a fixed setting in subjects with treatment-resistant major depressive disorder 
(MDD). Thirty subjects (57% female, mean age 48.1±12.3 years) with MDD and 
inadequate response to standard antidepressants were randomized to 3 weeks of 
treatment with CES (15/500/15000 Hz, symmetrical rectangular biphasic current of 1-4 
mAmp, 40 Volts) or sham CES (device off) for 20 minutes, 5 days per week. The primary 
outcome measure was improvement in the 17-item Hamilton Depression Rating Scale 
(HAM-D-17). Adverse effects (AEs) were assessed using the Patient Related Inventory of 
Side Effects (PRISE). Completion rates were 88% for CES, 100% for sham. Both 
treatment groups demonstrated improvement of about 3-5 points in HAM-D-17 scores 
(p<0.05 for both), and no significant differences were observed between groups. 
Remission rates were 12% for CES, and 15% for sham, a nonsignificant difference. CES 
was deemed safe, with good tolerability; poor concentration and malaise were the only 
distressing AEs that differed significantly between CES and sham (p=0.019 and p=0.043, 
respectively). Limitations include a small sample and lack of an active comparator 
therapy. Although both treatment groups improved significantly, this CES at the setting 
chosen did not separate from sham in this sample. Thus we cannot rule out that the 
benefit from this setting used in this particular form of CES was due to placebo effects. 
Since this form of CES has other settings, future studies should test these settings and 
compare it against other CES devices. 
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INTRODUCTION 

Cranial Electrical Stimulation (CES) has been used for more than a half century in Europe 
and the US for various indications (Smith, 2008).  The device transmits a small electrical 
pulse through the surface of the head and into the brain, often below threshold level of 
sensation (Smith, 2008). The general and psychotropic mechanisms are unknown. 
Various models have been proposed, including increasing/rebalancing of endorphins, 
neuroransmitters and neurohormones;  regulation of body energy flow; effects on the 
limbic system, reticular activating system, and hypothalamus; vascular effects; positive 
impact on brain neural firing patterns and default network connectivity; circadian 
regulation; and adaptogenic function (assisting the body to battle effects of chronic 
stress). All these putative mechanisms may be relevant to CES’s psychotropic effects, 
with the adaptogenic mechanism appearing to be the most favored, as it is the sum 
total of all the other mechanisms mentioned, and considering the role of stress in 
psychiatric illness (Feusner et al., 2012; Gunther & Phillips, 2010; Kavirajan et al., 2014; 
Smith, 2008).  

Effectiveness of CES is supported by hundreds of clinical and mechanistic studies. 
Adverse effects occur at rates of less than 1% and tend to be mild (skin irritation at the 
electrode site, and headaches) (Kirsch & Nichols, 2013). Given its safety and tolerability, 
the United States Food and Drug Administration (FDA) grandfathered the device for 
approval in the 1970s (Smith, 2008). There are 11 different approved CES devices in the 
US, and probably many other unregistered devices (Kavirajan et al., 2014) . 

Despite many published studies, rigorous randomized controlled trials (RCTs) of CES 
are lacking (Kavirajan et al., 2014; Kirsch & Nichols, 2013; Smith, 2008). Several 
systematic reviews and meta-analyses have emerged over the past 2 decades. 
Klawansky et al. (1995) focused on anxiety and other conditions, but not depression. 
Kirsch and Gilula (2007) examined CES in depression, but their meta-analysis had 
several limitations: they did not specify a search strategy or study inclusion criteria; 
their summary effect size was based only on active CES treatment, and did not compare 
CES versus sham; they combined data from open uncontrolled trials and blinded RCTs, 
which likely overestimated effect sizes; they included trials with heterogenous primary 
diagnoses, which limits generalisability; and one negative trial with heavily medicated 
inpatients was excluded because improvement in the sham group ‘invalidated’ the 
study (Kirsch & Gilula, 2007). This study, conducted in 1974 and later invalidated in a 
Cochrane review (Kavirajan et al., 2014), probably had an inefficient CES device. 

A monograph by Smith (2008) summarized different meta-analyses covering various 
human clinical trials of CES for various conditions, including 18 depression studies 
comprising 853 subjects. Seven of these studies were double-blind, two single blind, 
two crossover, and seven open-label. Various types of depression were included. In 
many studies, depression was specifically a symptom within another syndrome, such as 
fibromyalgia or substance abuse. Few, if any, of these studies examined major 
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depressive disorder (MDD) as the primary disorder, which significantly limits this work 
(Smith, 2008).   

A recent Cochrane Review (Kavirajan et al., 2014), the most comprehensive thus far, 
examined 270 RCTs comparing efficacy and tolerability of CES versus sham CES for 
depressive disorders in adults. Only 7 studies (Feighner et al., 1973; Greenblatt et al., 
1964; Hearst et al., 1974; Levitt et al., 1975; Marshall & Izard, 1974; Passini et al., 1976; 
Rosenthal, 1972) were judged rigorous enough for full eligibility assessment, but were 
ultimately excluded for various reasons: failing to use (or not reporting) specific 
diagnostic criteria (5 studies); focus on subjects with chronic (> 2 years duration) rather 
than acute depression (2 studies); lack of appropriate comparator groups (4 studies); 
and sham CES that (unlike the active CES) did not produce tingling, potentially 
compromising the blind (3 trials). These results emphasize the dearth of rigorously 
designed trials of CES in depression. 

In an RCT not mentioned in the Cochrane Review, Rose et al. (2009) examined CES 
versus sham in 38 subjects with sleep disturbances and depressive symptoms. While 
both groups improved after 4 weeks, no significant differences between the two groups 
were observed for depressive symptoms, though a trend favored CES for sleep. More 
recently, Barclay and Barclay (2014) performed a 5-week double-blind RCT of CES in 115 
primary care patients with anxiety disorders and comorbid depression. Results based on 
the Hamilton Anxiety and Depression scales showed a significant difference between 
CES and the sham intervention for anxiety (p=0.001, d=0.94) and depression (p=0.001, 
d=0.78), favoring active CES, with good tolerability (Barclay & Barclay, 2014). 

Smith’s (2008) and other systematic reviews (Shealy, 2003; Shealy et al., 1989), as 
well as an email poll of 152 veterans who used CES for various indications  (Kirsch et al., 
2014) suggest an overall average symptomatic improvement of about 50% for 
depression, a figure comparable to standard antidepressants.  Reports often described 
symptomatic improvement after one week (5 daily treatments), and clinical symptom 
reduction by two weeks (10 daily treatments) (Smith, 2008).  Yet these encouraging 
studies are limited by small samples, symptom heterogeneity, and overlap of 
conditions, though they may better reflect ‘real world’ populations in which 
comorbidity is often the norm.  

Interpreting these findings is also difficult due to the wide variety of marketed CES 
devices, different treatment procotols, and because published trials do not always 
provide detailed stimulation parameters. Treatment typically involves 20-60 minutes of 
daily stimulation for three weeks based on a current strength that is comfortable to the 
patient, followed by less frequent treatments that may go on indefinitely (Gilula & 
Kirsch, 2005). Frequencies used range from 0.5 Hz to 167 kHz, and current flow 
amplitude from 100 μA to 4 mA (Kavirajan et al., 2014); duration of stimulation and/or 
continuous application may vary from five minutes to six consecutive days (Zaghi et al., 
2010).  
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Given the accessibility of CES, and the growing demand for alternatives to 
conventional antidepressants and somatic therapies, we carried out a pilot, double-
blind, randomized controlled trial of CES in subjects with treatment-resistant MDD who 
were not responding adequately to standard antidepressants.  We sought to generate 
preliminary evidence of the efficacy and safety of a particular CES device as adjunctive 
therapy for MDD. We hypothesized that subjects who received active as opposed to 
sham CES would have a significantly greater improvement in their depression 
symptoms.  Due to the small sample, we could not hypothesize an effect size, but would 
calculate one to determine signal strength to guide the design of a larger, more rigorous 
study. As an exploratory aim, we examined whether CES would benefit sleep. 

MATERIALS AND METHODS 

The investigation was carried out per the latest version of the Declaration of Helsinki, 
and approved by our institutional review board (IRB). We screened 53 potential 
participants, and enrolled 30 adults of both genders, with major depressive disorder 
(MDD) diagnosed by Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I/P) 
(First et al., 1995).  Severity of depression was determined by Structured Interview for 
the 17-item Hamilton Depression Rating Scale (SIGH-D HAM-D 17; (Hamilton, 1960; 
Williams, 1988).  Subjects were required to be taking any current antidepressant and 
not responding in a satisfactory manner. See Figure 1 for subject characteristics. 

Subjects were recruited by general and community advertisement from our 
Depression Clinical and Research Program (DCRP). Informed consent was obtained per 
IRB guidelines.  Investigators who screened subjects to ascertain relevant psychiatric, 
medical, and neurological history, were our program’s psychiatrists and psychologists, 
trained and certified in the use of appropriate diagnostic instruments such as the SCID 
and HAM-D. Our program holds regular re-training sessions to ensure inter-rater 
reliability. 

Inclusion criteria were: age 18-65; good general health; meeting criteria for MDD 
based on the DSM-IV; a HAM-D-17 score ≥ 15 and ≤ 23; treatment-resistance, defined 
as meeting the above DSM-IV and HAM-D criteria while taking an approved 
antidepressant at minimum adequate and stable dose for ≥6 weeks with <50% response 
per MGH-Antidepressant Treatment Response Questionnaire (ATRQ;  (Chandler et al., 
2010). Per our IRB, the HAM-D score eligibility range was set to include subjects who 
were partial or non-responders (HAM-D 15-18) but not too severely depressed (HAMD 
≤ 23), given CES’s experimental nature. 

Subjects were excluded for any of the following: unstable health conditions that in 
the opinion of the investigators represented a risk to the subject; having any electrical 
stimulation implants – i.e. pacemaker, deep brain stimulators (e.g. vagal nerve 
stimulator, deep brain stimulator), or transcutaneous electrical nerve stimulator (TENS); 
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psychotic or manic symptoms, or other evidence of a psychotic disorder; recent history 
of substance abuse or dependence; electroconvulsive therapy during the last year; 
previous course of CES; current active suicidal or self-injurious potential necessitating 
immediate treatment; in women, pregnancy, plans to conceive, or unwillingness to 
comply with birth control requirements; and a baseline HAM-D-17 score >23. 
 

 
Figure 1: CONSORT Statement Flow Diagram 

 
Randomisation numbers were provided by the study biostatistician and maintained by 
an unblinded research coordinator. Subjects were randomized equally to receive active 
CES or inactive (sham) CES in a double-blind manner.   

Subjects who passed the screen visit returned a week later for the baseline visit. At 
that time, subjects received their first treatment (or sham) at the site for 20 minutes, 
including personal instruction of proper technique and electrode placement, and were 
allowed to take the device home and self-administer CES for the remaining 4 
treatments (total of 5 per week, no more than once daily), until their next appointment. 

Excluded (n=23)
• Not meeting inclusion criteria 

(n=21)
• Refused to participate  (n=2)

Discontinued SHAM before 3 
weeks (n=0)

Intent-to-treat sample (n=13) 

All subjects completed 3 
weeks (n=13)

Allocated to CES (n=17)

Received CES (n=17)

Did not receive CES (n=0)

Intent-to-treat sample (n=17) 

Includes non-completers (n=2) 
as shown above plus subjects 
who completed 3 weeks (n=15)

Discontinued CES before 3 
weeks (n=2)

Reasons: 
• scheduling (n=2)

Allocated to SHAM (n=13)

Received SHAM (n=13)

Did not receive SHAM (n=0)

Assessed for Eligibility (N=53)

Analysis

Follow-up

Allocation

Enrollment

Randomized (N=30)
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Thus, during the 3-week double blind treatment course, all subjects received one 
clinician-supervised weekly stimulation during their regular clinic visit, with review of 
technique to ensure correct use. The remaining 4 treatments for the week were self-
administered by the subject. All subjects agreed to self-administer treatment this way, 
so as not to be required to come to the clinic 5 days a week.  

All subjects could self-administer CES at any convenient time of day, as long as each 
treatment was done on a separate day. After each treatment, subjects wrote down the 
date and time in the study-provided diary and noted any problems that may have 
occurred. Subjects brought the diary to every visit, so the study clinicians could 
document treatments and address any difficulties. The diary and direct subject inquiry 
comprised the main check for adherence.  

Following completion of the 3-week double-blind phase, subjects were given an 
active CES device to use at home for 3 more weeks, with weekly check-in visits at our 
clinic. 

The FW-100 Fisher Wallace Cranial Stimulator (model SLB201-M; formerly the Liss 
Cranial Stimulator Model SBL202-B), marketed for depression, anxiety, and insomnia 
since the 1970s, was used. The headset (two current applicators with moist sponges to 
transmit the current) was placed on the scalp (one current applicator on each side), 
over the two dorsolateral prefrontal cortex areas using an elastic headband to keep it in 
place (Figure 2).   
 

 
Figure 2: Proper Placement of the Electrodes of the CES Device 
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Devices were calibrated such that the power knob was to be turned up all the way for 
the required dose, and subjects were explicitly told to set the wheel to the maximum 
level. The controller (or subject, in the case of a home session) slowly turned up the CES 
current until the knob was at the maximum setting.   

The device’s electronic waveform contains a 15,000Hz (to traverse the skull) square 
wave carrier which is rectified, varying from 0-4 milliamperes (mAmp). The first 15 Hz 
modulating signal (to theoretically influence brain neurochemical activity) provides 50 
milliseconds of ‘on’ time and 16.7 milliseconds of ‘off’ time (total pulse period 66.7 
msec, 50% duty cycle). A second, 500 Hz modulating signal changes the ‘on’ time series 
of 15,000 Hz carrier pulses (750 pulses in 50 milliseconds) into 25 smaller bursts of 15 
pulses each of the 15,000 Hz carrier signal, for 375 pulses in the same 50 milliseconds. 
The consecutive positive burst and ‘off’ time is followed by an equal and opposite 
negative burst and ‘off’ time, balancing the direct current component to zero. Output 
voltage ranges from 0-40 volts, first positive and then negative. CES was left at this level 
until it automatically shut off after 20 minutes.  Based on the current strength, subjects 
receiving active or sham treatment were not expected to feel any current and were told 
that they should feel nothing.   

The sham devices were modified to not deliver current to the headset. The current 
from the active device departs from the posts at the top of the device into the 
headsets, creating a loop when the headset is worn by the subject with the wet 
electrode sponges. This loop is eliminated in the sham devices by wrapping wire around 
the posts, thus containing the loop within the device, with no electricity leaving the 
headsets. This approach allows the loop to be maintained, and therefore all of the 
device’s green and yellow amperage lights still light up, protecting the blind. 

Severity of depression was measured at every study visit with the HAM-D 17.  Sleep 
quality was assessed at the baseline and final visits, with the Pittsburgh Sleep Quality 
Index (PSQI; (Buysse et al., 1989). Adverse effects (AEs) were assessed at each visit, 
using the Patient Related Inventory of Side Effects Adverse Effects Visit Checklist (PRISE) 
(Rush et al., 2004), which measures presence and intensity of AEs. AEs were recorded as 
any emerging or worsening during treatment course, and those emerging or worsening 
to a distressing level. 

Subjects were paid $50 for each week of participation, plus an additional $50 
completion bonus for attending the final visit and returning the device. Total 
remuneration per subject was $200. 

An intent-to-treat analysis with last observation carried forward (LOCF) was 
performed for all randomized subjects. Significance of improvement in HAM-D-17 
scores was assessed by paired samples t-test and by the equivalent non-parametric 
procedure, Wilcoxon Signed Ranks Test, given the small sample size. Improvement in 
HAM-D-17 was compared between treatment groups using independent samples t-test 
and its nonparametric counterpart, Mann Whitney U Test. Rates of response (≥50% 
decrease in HAM-D-17 score) and remission (final HAM-D-17 score ≤7) were compared 
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between treatment groups by chi-square and Fisher’s exact test. Two-tailed significance 
was defined as P < 0.05. Effect sizes for HAM-D-17 score improvement were 
determined by Cohen’s d statistic (Cohen, 1988) and for response and remission rates 
by Odds Ratio (OR). Statistical analyses were performed using SPSS version 17.0 
(Chicago, Illinois). 

RESULTS 

The sample had a mean age 48.1±12.3 years, was predominantly female (57%), White 
(97%), with 27% college graduates and 54% employed. All subjects were taking at least 
one antidepressant and 26 were taking at least two psychotropic agents. 
Antidepressants used, including primary and secondary (combination), included 
psychostimulants (n=8), bupropion (n=7), fluoxetine (n=6), trazodone (n=6), citalopram 
(n=3), escitalopram (n=3), paroxetine (n=3), duloxetine (n=3), venlafaxine (n=3), 
lamotrigine (n=2), omega-3 fatty acids (n=2), fluvoxamine (n=1), L-methylfolate (n=1), 
amitriptyline (n=1), selegiline patch (n=1), sertraline (n=1), and mirtazapine (n=1).  

The overall completion rate was very high (93%), including a 100% completion rate 
in the sham group (Table 1). All subjects who discontinued early attended a termination 
visit and returned their device. Active CES and sham both produced significant 
improvements in HAM-D-17 score after 3 weeks, and significance for both held up 
under nonparametric analysis. The difference in improvement between the 2 treatment 
groups was nonsignificant. Figure 3 illustrates the time course of clinical improvement 
per HAM-D-17 scale. Response and remission rates did not differ significantly between 
treatment arms (Table 1).  

Cohen’s d for active CES based on change in HAM-D-17 score was -0.32, a small 
effect size favoring sham CES. The odds ratios for response and remission with active 
CES were 0.34 and 0.73 respectively, again suggesting a weak advantage for sham CES. 

Results for the PSQI were examined based on component and global scores. 
Components included sleep quality, latency, duration, efficiency, and disturbance. We 
found no significant improvement for any individual component or for the global score 
in either treatment arm, and no significant differences between treatments (data not 
shown). 
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Table 1: Depression Outcomes for Double-Blind Treatment Period (Intent-to-Treat Sample) 

 CES Sham 

N randomized 17 13 

n (% ) female 10 (59%) 7 (54%) 

 Mean ± SD Mean ± SD 

Age (years) 45.5±12.3 51.4±11.9 

Total HAMD-Baseline 18.1±1.5 18.7±3.9 

Total HAMD-Week 1 15.8±4.2 14.5±4.1 

t-test for Week 1 vs Baseline t=-2.212, p=0.043* t=-3.627, p=0.003* 

Wilcoxon for Week 1 vs Baseline Z=-1.934, p=0.053 Z=-2.908, p=0.004* 

Total HAMD-Week 2 14.6±6.1 15.3±5.5 

t-test for Week 2 vs Baseline t=-2.252, p=0.040* t=-2.352, p=0.037* 

Wilcoxon for Week 2 vs Baseline Z=-1.994, p=0.046* Z=-2.036, p=0.042* 

Total HAMD-Week 3 14.8±6.3 13.6±5.8 

t-test for Week 3 vs Baseline t=-1.912, p=0.077 t=-3.113, p=0.009* 

Wilcoxon for Week 3 vs Baseline Z=-1.872, p=0.061 Z=-2.045, p=0.016* 

Total HAMD-Last (LOCF) 14.8±6.3 13.6±5.8 

t-test for Last vs Baseline t=-2.184 p=0.044* t=-3.113, p=0.009* 

Wilcoxon for Last vs Baseline Z=-2.044; p=0.041* Z=-2.045, p=0.016* 

Change in Total HAM-D score -3.2±6.1 -5.1±5.9 

(from baseline to last value obtained)   

 n (%) n (%) 

Respondersa 3 (17.6%) 5 (38.5%) 

Remittersb 2 (11.8%) 2 (15.4%) 

Completers 15 (88.2%) 13 (100%) 

* Statistically significant 
a Based on improvement in Total HAMD ≥50% 
b Based on final Total HAMD≤7 
All comparisons between treatment arms (CES vs sham) were non-significant (p>0.05 for all). 
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Figure 3: Time Course of HAM-D-17 Scores for CES vs Sham Intervention 

Abbreviations: BL: Baseline; W1: Week 1; W2: Week 2: W3: Week 3 
Differences between treatment arms were non-significant at all timepoints 

 
Tolerability data were available for all subjects. The most common AEs that emerged to 
a distressing level with active CES were poor concentration (59%), decreased energy 
(35%), fatigue (29%), general malaise (29%), and anxiety (29%). Only poor concentration 
(p=0.019) and malaise (p=0.043) attained a significant separation from sham CES. 
Bonferroni correction was not applied, since the large number of PRISE symptoms (total 
32) would make it difficult to find any significant differences. We erred on the side of 
false positives to communicate what AEs might be more likely to occur with active CES. 
Five subjects assigned to active CES (29%) reported a mild flashing light sensation in 
their peripheral vision and/or a tingling sensation in their temples. No such effects were 
reported among sham-assigned subjects. The difference between treatment groups was 
not significant (Fisher’s p=0.052). No subjects discontinued specifically because of AEs. 

DISCUSSION 

Our study failed to find a significant difference between the use of this particular CES 
device at the setting chosen and the sham intervention. Although both treatment 
groups improved significantly by 3-5 HAM-D-17 points, the effect size did not suggest 
that a larger sample would produce a significant advantage for CES. In fact, sham CES 
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performed slightly better. The low response and remission rates for CES also suggested 
limited clinical significance of the modest improvement. No benefits to sleep were 
noted from either intervention. The results were surprising, in view of the generally 
supportive literature, including the recent positive study from Barclay and Barclay 
(2014), which also recruited treatment-resistant patients taking antidepressants, and 
the Rose et al. (2009) study that reported a trend to sleep improvement with CES . 
While there was no objective measure of adherence besides the diaries and direct 
inquiry, the high completion rate supports strong subject motivation, and we thus do 
not suspect any significant nonadherence.  

The degree of sham improvement (5 points on the HAM-D-17) is consistent with a 
treatment resistant population; therefore, one possible explanation is that this study 
was enriched in subjects less likely to respond to any form of treatment, despite the 
upper limit of the baseline HAM-D score of 23. Our IRB requested this upper limit as a 
safety measure, since this was the first trial of CES conducted at MGH for depression, 
and they preferred that we not recruit subjects who were too severely depressed. This 
upper limit of the HAM-D could have impaired detection of an active-sham difference, 
and it also prevents us from knowing how well this treatment may work in more 
severely depressed populations. The HAM-D instrument also has potential limitations, 
such as an uneven reliance on a limited number of depressive symptoms, including 
sleep, which did not improve in our sample. 

The device was found to be safe, and tolerability was very good; this likely 
contributed to high retention rates. Subjects had been informed that both devices 
would have electricity flowing through them, but one would be circuited such that the 
current would not travel into the brain, and that they would likely not feel anything 
regardless of intervention, since the current was very weak. During the course of the 
study, however, 5 CES subjects reported a mild flashing light sensation in their 
peripheral vision and/or a tingling sensation in their temples. Smith (2008) noted that in 
at least two thirds of blinded studies, subjects received stimulation below their level of 
sensation, with no disadvantage in efficacy compared to studies that used a stronger 
stimulation . Only one CES subject reported a distressing episode of dizziness, but not 
during or immediately following treatment; likewise, frequency of distressing dizziness 
was not significantly different between CES (n=1) and sham groups (n=0), suggesting 
that dizziness was not directly related to CES. No subjects reported vertigo, which may 
sometimes occur due to vestibular disturbance.  

Although we informally tested the active devices on ourselves prior to starting the 
study, and could not feel anything, some subjects may have been more sensitive, or 
influenced by suggestion. We chose to proactively address any risk of nonblinding by 
telling subjects that both the active and sham devices would produce electricity but that 
the sham’s current would not penetrate the brain (a true statement). Thus, if subjects 
felt anything at all, they would not necessarily assume that the device was active as 
opposed to sham.  
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While our goal was to protect the blind by administering a current below level of 
sensation, one would expect that subjects who perceived any sign of an active current 
would be more likely to respond, given the placebo effect secondary to suggestion of 
active treatment. However, CES-assigned subjects did not fare better than those 
assigned to sham therapy. Among the 5 subjects reporting these effects, 4 were non-
responders, which suggests that even if they surmised that they were receiving CES, this 
did not contribute to a greater improvement. Blinding was not formally tested by 
inquiring whether subjects believed they had received active or sham treatment. Future 
investigations should do this to confirm the blind’s integrity. 

Other investigations have found therapeutic effects without significant sensation at 
frequencies of 0.5 to 1.5 Hz and currents of 100 microAmps. The Fisher Wallace device 
has higher frequencies of 15/500/15000 Hz and currents of 1-4 mAmps. Ideally, CES 
treatments should be studied at different frequencies, currents, and durations (i.e. >20 
mins.), times given (e.g. once vs twice daily) and placement (since the Alpha-Stim device 
is clipped on the earlobes, and has a patent on this position). Unfortunately our budget 
would not permit such studies requiring larger samples. Because a few subjects 
complained of tingling and lights flashing, the device should be studied at lower 
settings, to maximize comfort and protect the blind. Perhaps a lower setting would have 
been more effective. Again, this is a goal of future research, as there is not enough 
evidence to know which is the optimal setting. 

Other limitations include that this was an augmentation study in treatment-resistant 
subjects, although Barclay and Barclay (2014) also included medicated subjects and 
obtained positive results . We selected partial and non-responders to facilitate 
recruitment, since many depressed patients who enter our program are already taking 
antidepressants. A more rigorous test of efficacy would require subjects to discontinue 
their baseline antidepressant and administer CES as monotherapy. Alternatively, a less 
treatment-resistant population could have been selected, e.g. patients with no prior 
antidepressant treatment, or having previously responded to an antidepressant.  

Finally, our study had no active comparator. An active, established antidepressant 
agent might have helped to determine the assay sensitivity of the study. Subjects were 
taking a wide range of antidepressants, which makes it unlikely that findings were 
impacted by a particular agent or type of agent.  

In summary, subjects with MDD had a significant clinical improvement in HAM-D-17 
scores with both CES and its sham counterpart, and neither treatment demonstrated a 
significant advantage over the other. These results are essentially negative in that the 
active treatment did not separate from placebo, and the improvement observed in 
subjects who received the active CES treatment may have been due to a placebo effect, 
since the sham group improved comparably.  

As previously noted, not all CES devices are the same, and differences in waveform 
and other parameters may determine specific therapeutic effects. Given the wide range 
of CES devices reported in the literature, differences between studies may be due, at 
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least in part, to differences in the devices. Without head to head comparisons between 
devices, our results should not be considered as generalisable to all CES device types. 
Future studies should examine different frequency (Hz) settings of the Fisher-Wallace 
machine and comparing it to other microcurrent devices at therapeutic frequencies, as 
well as sessions of varying lengths and more than once a day (classic meditators, for 
instance, are instructed to meditate twice a day for 20 minutes). A good candidate for 
such a comparison might be the Alpha-Stim Stress Control System, which delivers 
rectangular pulses with frequencies of 0.5, 1.5 and 100 Hz, with a total current output 
of 10 to 600 μA (Kavirajan et al., 2014), that was recently found to be effective for 
depression (Barclay & Barclay, 2014). Because these devices are quite expensive, 
consumers often inquire about the relative merits of different devices. Further research 
into different kinds of CES devices, comparisons between them, and against standard 
antidepressants are therefore necessary to better understand the potential role of CES 
in the psychiatrist’s armamentarium.  
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The central theme of this thesis was the interface between mood disorders and related 
physical aspects; it contains three main separate projects, providing different angles on 
this topic. In this chapter, clinical implications of the findings of the studies will be 
discussed and suggestions for future directions in research will be provided.   

The study presented in Chapter 2, focusing on metabolic syndrome (MetS) in bipolar 
disorder (BD), was spawned by the author's clinical experience with patients with BD in 
an outpatient clinic for mood disorders in Maastricht, where high rates of obesity and 
rapid weight gain were observed, especially in young patients who were started on 
second generation antipsychotics (SGAs). This raised a concern about potentially high 
rates of metabolic syndrome in this population. This was confirmed by our prevalence 
study that found an alarmingly high rate of metabolic syndrome: more than 40 % of the 
patients in the sample were affected. In the light of the rapidly increasing prevalence 
rate of MetS in the general population (Mozumdar & Liguori, 2011) this high rate is 
expected to be even higher in the near future. The big challenge arising from these 
findings is what to do about it. Different factors play a role in the excess risk of MetS in 
BD, including genetic factors, disparities in health care access, unhealthy life styles and 
prolonged psychotropic drugs treatment with adverse metabolic side effects (De Hert, 
Cohen, et al., 2011). Here, each of the modifiable factors relevant to the reduction of 
metabolic risk in patients with BD will be discussed. 

Disparities in health care access 

Patients with severe mental illness (SMI) have an unfortunate combination of elevated 
cardiovascular risk but suboptimal medical health care access. This is reflected in our 
results of low rates of drug treatment for MetS components; approximately two thirds 
of the affected patients received no drug treatment. 

Several factors play a role in this limited medical health care. First, patients with SMI 
might have more difficulties seeking health care and communicating their symptoms 
and generally demonstrate lower adherence to treatment (Chadwick et al., 2012). 
Second, there seems to be a lack of awareness in both mental health and general 
medical health care providers of the elevated risk of cardiovascular disease in BD (De 
Hert, Cohen, et al., 2011). At the time of conducting our study on MetS there was an 
increasing awareness of the importance of assessing physical health, such as metabolic 
risk factors in patients with SMI including BD. However, to date a substantial number of 
outpatient clinics for SMI still do not systematically assess metabolic risk factors; in fact 
our own department for the treatment of mood disorders had no structural 
implementation of a metabolic risk screening until 2015. Also, the guideline for general 
practitioners (GPs) for cardiovascular risk management (‘NHG standaard Cardiovasculair 
Risicomanagement,’ 2012) does not take in to account the elevated risk on CVD in 
patients with SMI. In the Dutch multidisciplinary guideline for the treatment of 
schizophrenia (van Alphen et al., 2012) it has been recommended that GPs should add 
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15 years to the age factor to adjust for excess risk of cardiovascular disease in SMI. No 
such recommendations have been made for bipolar disorder, and many GPs may not be 
aware of this resulting in undertreatment of CVD risk factors in this population. To 
reduce premature death in this vulnerable group of patients, awareness of somatic 
comorbidity and elevated cardiovascular risk should be promoted by education of 
residents as well as psychiatrists and GPs on the topic.   

Another important barrier to adequate medical health care for patients with SMI is 
the current lack of a structural model for collaborative somatic health care between 
mental health care professionals and GPs. It is often not clear to patients and to treating 
psychiatrists and GPs where the responsibility of physical health care lies. To date, there 
is no uniform policy in the Netherlands for the organisation of physical health care for 
outpatients with SMI, leaving this up to local policy of mental health care institutions 
(van Hasselt et al., 2015a). A recent qualitative study of van Hasselt et al. gives practical 
recommendations to improve physical health care of patients with SMI in the 
Netherlands and stresses the importance of having a structural collaborative model 
between mental health care professionals and primary care. In this study no consensus 
was reached about which professional was responsible for the monitoring and treating 
of cardiovascular risk factors (van Hasselt et al., 2015b). The recommendations from 
this study have been integrated in the recent Dutch multidisciplinary guideline ‘Somatic 
Screening for Patients with Severe Mental Illness’ (Meeuwissen et al., 2015). This 
guideline recommends having a nurse case manager in the mental health care 
outpatient clinic responsible for the coordination and continuity of somatic health care. 
However, the guideline does not make recommendations about where the somatic 
screening including screening of CVD risk factors should be performed, and 
consequently responsibility of this screening remains a matter of debate. To create a 
more structural collaborative model for metabolic risk screening in patients with BD 
that is tailored to the Dutch health care system more qualitative research including 
major stakeholders in the Dutch health care system (patients, family carers, GPs, 
psychiatrists, healthcare insurance companies) could be helpful.  

Addressing unhealthy life styles 

Patients with severe mental disorder have high rates of unhealthy lifestyles including 
unhealthy diet, lack of physical exercise, smoking and substance abuse (De Hert, Correll, 
et al., 2011); all are risk factors for cardiovascular disease. It is well established that 
lifestyle advice and intervention programs in the general population are effective in 
reducing CVD risk factors and should be integrated in clinical care (Elmer et al., 2006). 
For patients with SMI however, access and adherence to lifestyle programs may be 
difficult (Roberts & Bailey, 2011). Systematic reviews on effectiveness of lifestyle 
interventions in patients with SMI report significant improvements on metabolic 
syndrome risk factors, but improvements are modest and drop-out rates tend to be 
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high (Cabassa et al., 2010; Teasdale et al., 2017; van Hasselt et al., 2013; Verhaeghe et 
al., 2011). Integrated interventions including exercise, diet and behavioral modification 
seem to work best, as in the general population (Ward et al., 2015). Lifestyle 
interventions in patients with SMI generally demonstrate lower effectiveness than in 
the general population. For example, a systematic review on lifestyle interventions for 
SMI found a mean weight loss of 1.6 kg compared to 3.6-5 kg in the general population 
(Cabassa et al., 2010).  Many studies on lifestyle intervention in SMI do not employ 
evidence-based features that are known to be important in the effectiveness of lifestyle 
intervention in the general population, such as the use of multiple components and 
longer duration of the intervention, which might in part explain the disparity on clinical 
outcome in patients with SMI. Moreover, psychiatric symptoms and side effects of 
psychotropic drugs present an additional challenge in adherence to and effectiveness of 
lifestyle programs in this population (Ward et al., 2015).  More efforts should be made 
to include evidence-based features in lifestyle programs for patients with SMI as well as 
tailoring these programs to the specific needs of the population.  

Metabolic side effects of psychotropic drugs 

The use of psychotropic medications, especially second generation antipsychotics 
(SGAs), is associated with significant weight gain and metabolic disturbances. Mood 
stabilizers (McKnight et al., 2012; Verrotti et al., 2011) and antidepressants (Fjukstad et 
al., 2016; McIntyre et al., 2010) have also been associated with weight gain and 
metabolic disturbances. These drugs are vital in clinical practice, however, especially for 
treating BD. As clinicians we are confronted with making a choice in the delicate 
balance between effectively treating psychiatric conditions with drugs while taking into 
consideration their harmful side effects. Meta-analyses indicate that not all SGAs have 
the same level of toxic metabolic side effects; aripiprazole, for example, is considered 
less toxic (Bak et al., 2014). Furthermore, weight gain due to antipsychotic treatment is 
most substantial in antipsychotic-naïve first episode patients (Alvarez-Jimenez et al., 
2008), stressing the importance of providing interventions early in antipsychotic 
treatment. This is supported by a recent meta-analysis on nutrition interventions in SMI, 
which demonstrated a larger effect size of the interventions in a pooled analysis of 
studies providing the intervention at the beginning of antipsychotic therapy (Teasdale et 
al., 2017). Clinicians should be alert for the metabolic side effects of psychotropic drugs 
for BD and, where possible, make efforts to choose the drugs with a more favorable 
metabolic profile as well as providing interventions aimed at weight reduction early in 
drug treatment. 

In short, there are several modifiable factors that can be addressed to reduce 
metabolic risk in BD. Above all, we need awareness of how serious the problem is, since 
the lack of acknowledgement of the problem can have fatal consequences. The study 
presented in this thesis hopes to contribute to awareness of MetS in BD and promote 
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regular monitoring and prevention strategies as well as treatment of MetS in this 
vulnerable population.  

Chapter 3 focused on the results of a pilot RCT on the effectiveness of an 8-week 
mindfulness-based cognitive therapy (MBCT) program for the treatment of depression 
in patients with chronic pain. This study was funded by an anonymous bequest from a 
family member of a patient suffering from chronic pain and comorbid depression, who 
sadly committed suicide as a consequence of the intense suffering associated with 
chronic pain. Despite important steps forward in our understanding of chronic pain, this 
did not result in resolution of the symptoms of chronic pain. Because chronic pain is by 
definition chronic, it is not realistic to expect the intensity of pain to change 
considerably, and patients are often told that they should learn to live with their pain. 
That this is easier said than done is reflected by relatively modest effect sizes of 
established psychotherapeutic interventions such as CBT. This thesis studied a newly 
developed mindfulness based cognitive therapy specifically tailored to treat depression 
in patients with chronic pain and demonstrated positive results on depression severity 
and mental health, but not on pain intensity. These findings on pain and depression are 
in line with the outcomes of other psychotherapeutic intervention studies on 
populations with chronic pain that show positive outcomes on the affective outcome 
measures and quality of life but seem to be less effective in attenuating pain intensity 
(Williams et al., 2012). The findings are also consistent with the Buddhist theory about 
pain and suffering that lie at the foundation of mindfulness based interventions. 
Buddhist teachings use the metaphor of the first and second dart of pain. The first dart 
refers to the unavoidable physical component of pain, whereas the second dart refers 
the optional added suffering that is believed to be caused by ones reactions to the 
physical pain by amongst others worrying, catastrophizing and self blaming (Thera, 
2010). 

The practice of mindfulness is hypothesized to decrease the added suffering (the 
second dart), but not the physical pain itself (the first dart). As the old adage says, “Pain 
is inevitable, suffering is optional.” 

The MBCT intervention studied in this thesis was specifically developed for a 
depressed chronic pain population and aims to teach patients how to cope with physical 
pain and the concurring despair. The results, demonstrating a reduction of depressive 
symptoms with a large effect size are promising and warrant larger randomized 
controlled clinical trials testing this specific MBCT protocol. 

Chapter 4, which investigated the role of body awareness in the MBCT intervention 
presented in Chapter 3, addresses an important aspect of mindfulness, which has been 
relatively understudied. A review of body awareness literature found that it wasn’t until 
recently that body awareness was studied the context of mindfulness. Older literature 
on body awareness focuses mainly on hypervigilance regarding bodily symptoms in the 
context of anxiety and somatisation disorders. Indeed, this type of hyperarousal of 
bodily symptoms is associated with negative clinical outcomes. Body awareness in the 
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context of mindfulness is fundamentally different and associated with positive clinical 
outcomes. Patients suffering from chronic pain are confronted daily with negative 
bodily sensations, and one could argue that cultivating a different relationship to pain/ 
adverse bodily sensation would be particular helpful in this population. Also, it would be 
helpful to have an instrument that could reliably measure the construct of body 
awareness. The MBCT protocol studied in this thesis includes exercises such as the 
body-scan, meditation exercises and yoga specifically aimed at relating to painful 
sensations and teaches participants to relate differently to their bodily sensations. It 
aims at shifting from relating to them in an anxious catastrophizing way to a more 
mindful and accepting approach, decoupling the negative automatic thoughts from the 
pain. The results of the study showed that patients who participated in the MBCT 
demonstrated an increase in certain aspects of body awareness and suggested that ‘not 
distracting’ mediated the antidepressant effect of the treatment. Identification of 
specific process variables that mediate the effects of treatment on clinical outcome are 
of key value in the development of more effective and efficient therapies. The study 
presented in this thesis generates information that can be used to optimize the MBCT 
program by paying specific attention to those aspects of body awareness that 
demonstrate particular importance in positive clinical outcome. These results of the 
study are encouraging and need to be replicated in larger trials with mediation analysis 
to draw a more definite conclusion regarding which aspects of body awareness are of 
particular benefit for the treatment of depression in patients with chronic pain. 

Chapter 5 studied the efficacy of cranial electrical stimulation (CES) for the 
treatment of major depressive disorder (MDD). Altering mood through neuro-
modulation supports the idea that psychiatric disorders have a biological 
(somatic/physical) basis and are not merely disorders of the ‘immaterial spirit,’ as 
Descartes depicted the mind. CES also has favourable clinical outcomes in patients with 
physical damage to the central nervous system due to trauma or neurodegenerative 
processes including diagnoses such as Parkinson’s Disease (Alon et al., 2012) and 
neuropathic pain due to spinal cord injury (Tan et al., 2011) suggesting common 
pathways for both ‘physical’ and ‘mental’ illness.  The study presented in this thesis 
failed to find separation between the use of the particular CES device at the settings 
chosen and the sham intervention. This negative result can have several reasons, 
including study design characteristics such as an upper limit of the baseline HAMD score 
and the selection of patient with treatment resistant depression who are in general less 
likely to respond to any treatment. Another important issue to consider is that CES is a 
non standardized technique; previous trials used different parameters of stimulation 
that vary considerably in frequency (0.5 HZ to 167 Hz), intensity (100 μA to 4 mA) and 
duration of stimulation (5 min. to 6 consecutive days) (Kavirajan et al., 2014). Recent 
studies suggest that different electrical settings have a profound influence on the effect 
on cortical activity (Zaghi et al., 2010).  This makes it difficult to interpret our findings, 
because other device settings might have more profound clinical efficacy. Datta et al. 
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(2013) demonstrated in a modeling study that even minor changes in CES electrode 
montage altered overall brain current flow pattern. Future (modeling) studies should 
study different locations of electrode montage placement allowing optimal targeting of 
underlying neural networks associated with depression (Sale et al., 2015). These 
placement settings could then be used for clinical efficacy testing to get a better idea of 
which settings are most effective.  

CONCLUDING REMARKS 

This thesis stresses the importance of integrated care and calls for more integrated care 
for patients with psychiatric disorders. Psychiatric disorders are an important risk factor 
for somatic illness and vice versa, as demonstrated in this thesis by a high prevalence of 
metabolic syndrome in patients with bipolar disorder and a high prevalence of 
depression in patients with chronic pain. Psychiatric disorders still seem to have 
different status than other medical conditions in the clinical care setting and in society 
in general. This dualistic view on psychiatric disorders has profound adverse effects on 
the field of psychiatry and leads to stigmatisation of mental illness. This is, for example, 
painfully reflected by the fact that in 2012 in the Netherlands psychiatric visits required 
an additional fee of 200 Euros. Fortunately, this has been undone thanks to protest 
from mental health care organisations, psychiatrists and patients. Since then, however, 
the government decided to separate mental health care for children from the insurance 
system by transitioning pediatric mental health care to the local authorities, leaving the 
treatment options and access to mental health care for severe mental disorders of our 
next generation dependent on local policy. For general medical conditions, such a policy 
would be unthinkable. Treating psychiatric disorders as a different entity from somatic 
conditions is in contrast with the rising evidence from the neuroscience and genetic 
fields that supports a biogenetic basis for psychiatric disorders. However, the dualistic 
view seems to be very persistent, even among mental health care workers (Miresco & 
Kirmayer, 2006). The rapidly increasing insight in neuroplasticity of the brain argues for 
a more unified view of psychiatric disorders. Society has a long way to go in addressing 
stigma of mental illness; adopting a biomedical model for explanation of mental illness 
would certainly be helpful in this regard. This thesis hopes to contribute to the 
awareness of psychiatrists as well as other medical health care professionals that 
psychiatric disorders should not be treated as separate ‘disorders of the mind’ 
neglecting the brain and body, but should be seen as medical disorders deserving the 
same status as other general medical conditions.  
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This thesis focuses on the interface between mood disorders and concurrent physical 
aspects of illness.  

Chapter 1 provides an introduction to the topic. It postulates that the field of 
psychiatry is still hampered by the dualistic view that body and mind are separate and 
that this has adverse effects on clinical practice. Patients oftentimes remain 
undermanaged when clinicians take a non-integrative approach to psychiatric and 
physical disorders, leaving psychiatric disorders underdetected and undertreated in 
general medicine, and leaving patients with psychiatric disorder somatically 
undertreated. The chapter provides background information on the topics of the 
studies including metabolic syndrome in bipolar disorder, the comorbidity of chronic 
pain and unipolar depression, mindfulness-based cognitive therapy (MBCT) for the 
treatment of comorbid depression in chronic pain and Cranial Electrical Stimulation 
(CES) for unipolar depression. 

Chapter 2 describes a cross-sectional medical record study investigating the 
prevalence rate and demographic and clinical factors associated with metabolic 
syndrome (MetS) in a Dutch sample (N=71) of patients with bipolar disorder. The study 
demonstrated high prevalence rate of MetS (42.3 %) and substantial undertreatment of 
MetS components with approximately over two thirds of the affected patients receiving 
no drug treatment for these conditions. Males had an 8-fold higher risk for MetS than 
females, and with every point increase on BMI the risk of MetS increased by 40 %.  

Chapter 3 reports on the results of a randomized controlled pilot study on 
mindfulness-based cognitive therapy (MBCT) for unipolar depression in patients with 
chronic pain (N=40). This study demonstrated a significantly greater decrease of 
depressive symptoms in the group that received MBCT in addition to treatment as usual 
(TAU) compared to the group that only received TAU. No effect on pain intensity was 
found. 

Chapter 4 describes a study that examined the effects of MBCT on body awareness 
in patients with chronic pain and comorbid depression compared to treatment as usual 
(N=31). Body awareness was measured by a subset of the Multidimensional Assessment 
of Interoceptive Awareness (MAIA) Scales. The study suggested that MBCT can increase 
several aspects of body awareness as measured by the MAIA in patients with chronic 
pain and depression. More specifically, the study demonstrated a significantly greater 
increase on the ‘self regulation’ and ‘not distracting’ scales in the MBCT group 
compared to the TAU group. The positive effect of MBCT on depression severity was 
mediated by ‘not distracting’. The study also found evidence that the MAIA is a reliable 
instrument for measuring self reported body awareness in this population, 
demonstrating adequate to high internal consistency of the MAIA scales in the sample.  

Chapter 5 of this thesis describes a three-week double blind pilot study examining 
the efficacy and safety of cranial electrical stimulation (CES) as an add-on intervention 
for treatment-resistant major depressive disorder. Although both the treatment group 
with CES as well as the treatment group with sham CES improved significantly, the study 
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failed to show separation between placebo (sham CES) and CES. CES was deemed safe 
with good tolerability. It was recommended that future studies should test other 
settings of the CES device used in this study and compare it to other CES devices. 

Chapter 6 summarizes the main findings of the studies and provides a discussion of 
the implications of the findings for (clinical) practice and future research. 
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Dit proefschrift richt zich op het raakvlak tussen stemmingsstoornissen en somatische 
aspecten. 

Hoofdstuk 1 voorziet in een introductie van het onderwerp. Er wordt beschreven dat 
het veld van de psychiatrie nog altijd wordt gehinderd door de dualistische visie dat 
geest en lichaam aparte entiteiten zijn hetgeen negatieve effecten heeft op de klinische 
praktijk. Wanneer er een non-integratieve benadering wordt gevolgd ten aanzien van 
psychiatrische en somatische ziekten is er een risico dat patiënten tussen wal en schip 
belanden. Hierdoor blijven psychiatrische stoornissen in de algemene medische zorg 
onopgemerkt en worden patiënten met een psychiatrische stoornis somatisch 
onderbehandeld. Het hoofdstuk geeft achtergrondinformatie over de onderwerpen van 
de studies in dit proefschrift, waaronder het metabool syndroom bij de bipolaire 
stoornis, de comorbiditeit van chronische pijn en unipolaire depressie, mindfulness-
based cognitieve therapie (MBCT) voor comorbide unipolaire depressie bij chronische 
pijn en Craniale Elektrische Stimulatie (CES) voor unipolaire depressie. 

Hoofdstuk 2 beschrijft een cross sectionele dossier studie die de prevalentie van het 
metabool syndroom in een Nederlandse steekproef (N=71) van patiënten met een 
bipolaire stoornis onderzoekt. De studie probeert ook inzicht te verschaffen over 
demografische en klinische factoren die geassocieerd zijn met het metabool syndroom. 
De studie toonde een hoog prevalentiecijfer aan van het metabool syndroom (42.3 %) 
en tevens werd een substantiële graad van onderbehandeling van de metabool 
syndroom componenten gezien; ongeveer twee derde van de aangedane patiënten 
ontving geen medicamenteuze behandeling. Mannen hadden een 8 keer hoger risico op 
het metabool syndroom ten opzichte van vrouwen en met iedere punt verhoging in BMI 
nam het risico op het metabool syndroom toe met 40 %. 

Hoofdstuk 3 behandelt de resultaten van een gerandomiseerde gecontroleerde 
pilotstudie naar mindfulness-based cognitieve therapie (MBCT) voor de behandeling 
van unipolaire depressie in patiënten met chronische pijn (N=40). Deze studie toonde 
een significant grotere afname in depressieve symptomen in de groep die MBCT kreeg 
in toevoeging op de reguliere behandeling ten opzichte van de groep die alleen de 
reguliere behandeling kreeg. Er werd geen effect op pijn intensiteit gevonden. 

In Hoofdstuk 4 worden de resultaten van een studie naar de effecten van MBCT op 
lichaamsbewustzijn in patiënten met chronische pijn en comorbide depressie 
beschreven (N=31). Lichaamsbewustzijn werd gemeten met een deelverzameling van 
de Multidimensional Assessment of Interoceptive Awareness (MAIA) schalen. De studie 
toonde aan dat MBCT verscheidene aspecten van lichaamsbewustzijn kan verhogen 
zoals gemeten met de MAIA in patiënten met chronische pijn en comorbide depressie. 
Meer specifiek gaf de studie meer verhoging aan in gemeten ‘zelf regulatie’ en ‘geen 
afleidbaarheid’ bij de MBCT groep ten opzichte van de groep die alleen reguliere 
behandeling kreeg. Het positieve effect op de ernst van de depressie werd gemedieerd 
door ‘geen afleidbaarheid’. De studie gaf ook aanwijzingen dat de MAIA een 
betrouwbaar instrument is voor het meten van zelf gerapporteerd lichaamsbewustzijn 
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in deze populatie; er werd een adequate tot hoge interne consistentie gevonden van de 
MAIA schalen in de steekproef. 

Hoofdstuk 5 van dit proefschrift beschrijft een drieweekse dubbelblinde pilotstudie 
naar de effectiviteit en veiligheid van Craniale Elektrische Stimulatie (CES) als een add 
on interventie voor de therapie resistente depressieve stoornis. Hoewel zowel de groep 
die met CES werd behandeld, als de groep die met ‘nep’ CES werd behandeld, 
significant verbeterden, slaagde de studie er niet in separatie tussen placebo (‘nep’ CES) 
en CES aan te tonen. CES werd veilig bevonden en goed verdragen. Er werd aanbevolen 
om in toekomstige studies andere instellingen van het CES apparaat te testen. Tevens 
werd het advies gegeven het specifieke CES apparaat dat gebruikt werd in deze studie 
met andere CES apparaten te vergelijken. 

Hoofdstuk 6 vat de belangrijkste bevindingen van dit proefschrift samen en geeft 
een discussie over de implicaties voor de klinische praktijk en voor toekomstig 
onderzoek. 
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The studies presented in this thesis focus on the overlap between mood disorders and 
physical conditions and adopt a biomedical model for explanation of mental illness. 
Addressing this overlap is important in assuring a holistic biomedical approach with 
integrated somatic and psychiatric care for the treatment of patients with mood 
disorders. Psychiatric disorders still tend to be seen as a different entity from somatic 
illness. This thesis pleads for disengagement of the dualistic view on psychiatric 
disorders and other medical conditions and thereby hopes to contribute to 
destigmatisation of psychiatric illness in society. In this valorisation addendum we will 
elaborate more specifically per chapter on the valorisation of the individual studies. 

In chapter 2 of this thesis metabolic syndrome (MetS) rate in bipolar disorder (BD) in 
a Dutch sample was examined. Although this risk estimation does not directly lead to 
different prevention plans and treatment, the study does contribute to the awareness 
of the scope and severity of the problem, which is the beginning of tailoring prevention 
and treatment. Obesity and MetS already take pandemic proportions in the general 
population and lead to significant health care costs. The estimated annual health care 
costs for cardiovascular disease in the Netherlands are around 8 milliard euros and 
comprise around 10 % percent of the total Dutch healthcare costs (‘Kosten van 
ziektenstudie,’ 2011). It is ranked second in terms of health care expenditure after costs 
for mental health care (around 20 milliard euros comprising 20 % of the total health 
care expenditure). The most recent Dutch national health examination survey on 
cardiovascular risk factors in the general population demonstrated that more than half 
of the general population is too heavy (BMI ≥ 25 kg/m2), 14 % has obesity (BMI≥ 30 
kg/m2) and a quarter of the population has metabolic syndrome. To compare in 1981, 
only one in three Dutch adults were too heavy and 5% was obese (Blokstra et al., 2011). 
Our study demonstrates a prevalence rate of 42.3 % of MetS in our sample of patients 
with BD, indicating almost a doubling of the cardiovascular risk compared to the general 
population. In the light of the rapid increase of obesity this rate is expected to be even 
higher in near future. Patients with BD have the unfortunate combination of elevated 
cardiovascular risk but reduced access to care due to multiple disease related variables. 
The increased cardiovascular risk and disparities in health care access makes prevention 
strategies targeted to this specific population warranted. It also stresses the importance 
of the implementation of a structural screening of cardiovascular risk in this population. 
In order to effectively screen and treat MetS in BD changes in the organisation of health 
care for patients with BD and more in general for patients with serve mental illness 
(SMI) are necessary; there is a need for more effective collaboration between 
(outpatient) mental health care and primary health care with transparency in 
responsibilities. In the light of mental health care cuts and reduction of inpatient 
facilities, this collaboration is required more than ever. At the moment there is a lack of 
clarity of where the responsibility of cardiovascular risk screening lies. Large scale 
qualitative research inviting major stakeholders including patients, family members, 
psychiatrists, GPs and health insurance companies is indicated to get explicitness of 
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who is responsible for performing this metabolic screening and in order to create an 
uniform policy regarding screening and treatment of cardiovascular risk in this 
vulnerable population. Detection of cardiovascular risk factors and successful treatment 
of them can diminish societal costs and increase quality of life due to prevention of 
cardiovascular events such as stroke and myocardial infarction. Increasing physical 
health by prevention of cardiovascular events also contributes to mental health and in 
this way screening and prevention of Mets can reduce societal costs of two of the most 
expensive conditions in terms of health care costs. The results of our study are also of 
important value to multidisciplinary education of mental health care professionals as 
well as primary care physicians on the increased cardiovascular risk in BD, as changing 
policy starts with the realisation of the scope of the problem. 

In chapter 3 of this thesis a newly developed mindfulness-based group intervention 
for the treatment of depression in chronic pain was studied. Chronic pain is associated 
with intense suffering, greatly impaired quality of life and high direct and indirect 
healthcare costs. It is a very common condition; in the Netherlands approximately 1 out 
of 5 people suffers from chronic pain (Bekkering et al., 2011). Having depression, in 
addition, depletes resilience and coping abilities in patients with chronic pain, thereby 
worsening the outcome with increased pain intensity, increased functional disability 
and a significant decrease in quality of life. This makes the treatment of depression in 
chronic pain a major public health concern. There is a need for more research on 
effective interventions for pain and mood management in patients with chronic pain 
that can be used as an adjunctive approach to the existing conventional analgesic and 
antidepressive treatments. The results of our study demonstrate that Mindfulness- 
Based Cognitive Therapy (MBCT) is a feasible and effective intervention for the 
treatment of depression in chronic pain and thereby widens the psychotherapeutic 
armatarium. Because this intervention is provided in a group format, it also increases 
cost-effectiveness.  

In chapter 4 we focus on the role of body awareness in the effectiveness of MBCT. 
Better understanding of which mechanisms in an intervention are associated with 
positive clinical outcome are important in optimizing their clinical efficacy. The results of 
the study showed that patients who participated in the MBCT demonstrated increase in 
certain aspects of body awareness and demonstrated that one aspect seemed to play a 
role in the antidepressive effect of the treatment. Identification of specific process 
variables that mediate the effects of treatment on clinical outcome are of key value in 
development of more effective and efficient therapies. The study presented in this 
thesis generates information can be used to optimize the MBCT program by paying 
specific attention to those aspects of body awareness that demonstrate particular 
importance in positive clinical outcome. These results of the study are encouraging and 
need to be replicated in larger trials with mediation analysis to draw a more definite 
conclusion of which aspects of body awareness are of particular benefit for the 
treatment of depression in patients with chronic pain. 
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The treatment of depression is challenging. Conventional antidepressants have 
limited efficacy and electro convulsion therapy (ETC), although efficacious, has harmful 
side effects including memory problems. One has been looking for alternatives and 
neuromodulation techniques have increased interest. Chapter 5 studies a form of 
electrical brain stimulation called cranial electrical stimulation (CES). It is of value for the 
field to investigate the efficacy of this widely used device as previous studies have 
shown conflicting results and are hampered by methodological issues. In our study CES 
did not separate from placebo. More research needs to be done to test the CES device 
in different settings. Modeling studies could be helpful for determining the correct 
location and harness the brain networks that are known to be involved in depression. 
Clinical studies could then test the efficacy of these settings. 
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