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Appendices

Appendix 1 DIADE (Diagnostic Imaging of 
Affective Disorders using Emotion Regulation)

Patients were recruited from several psychiatric institutions across 
the Netherlands, via general practitioners, advertisement, via patient 
organizations, and via other research projects. We recruited subjects 
from all over the Netherlands; one (remitted) subject even came from 
Belgium. Most subjects had quit their medication –on their own 
account– because they were stable for a long period and/or suffered 
from serious adverse effects. Depressed MDD and BD subjects 
generally visited their physician because of depressive relapse. To 
prevent treatment delay, subjects were assessed and scanned as soon 
as possible (if needed, within one week). Remitted subjects usually 
responded to advertisements or were referred to us by their treating 
physician. 

Figure 1. DIADE flow chart. Subjects willing to participate were screened by 

telephone for eligibility. If eligible, they were invited for the first visit in order 

to assess the formal DSM diagnosis, complete a subset of questionnaires and to 

train subjects for the scanning paradigms and exogenous cuing task. The second 

visit was usually arranged within one week after the first visit. During this visit, 

actual scanning, completing the exogeneous cuing task, and obtainment of 

blood samples took place.
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We managed to include 37 healthy controls (HC), 46 MDD (24 
remitted, 22 depressed) and 36 BD (26 remitted, 10 depressed) 
subjects. The medication-free depressed BD patients were the hardest 
to find, as most known patients were immediately put on medication 
as soon as they presented with depressive symptoms. In addition, 
we had a number of drop-outs in this group, due to anxiety before 
and during the fMRI scan, subjects who became severely suicidal 
and even rapidly switched to (hypo)mania, etc. Unfortunately, 
after three years of recruiting and before we reached the intended 
number of medication-free BDd subjects, the MR system we used 
was decommissioned and replaced by a new system. For this reason, 
although we would have preferred to increase this sample size, we 
could not include additional BDd subjects - as this would introduce 
a major group by scanner confound.
 Diagnosis was assessed by SCID I.1 In addition, several questionnaires 
were applied, e.g. assessing symptomatology (Hamilton Depression 
Rating Scale, Young Mania Rating Scale, State/Trait Anxiety Index), 
level of bipolarity (Bipolarity Index, Hypomania Checklist), and 
neurocognition (Emotion Regulation Questionnaire, Dutch Adult 
Reading Test, Ruminative Response Scale). Subjects performed a 
neuropsychological computerized task assessing emotional attentional 
bias (exogenous cuing task). Blood samples were obtained for genetics. 
MRI paradigms included structural MRI (T1 weighted scans and 
diffusion tensor imaging) and functional MRI (resting state, an 
emotional faces paradigm, a cognitive paradigm (Tower of London) 
and an emotion regulation paradigm).
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Appendix 2. Summary of the emotion regulation 
model of Phillips et al.

In the original Phillips model,2 the ventral system (amygdala, insula, 
ventral striatum, ventral regions of the anterior cingulate and of 
the prefrontal cortex) is involved in the identification of emotional 
stimuli and mediation of subsequent autonomic responses; the dorsal 
system (hippocampus, dorsal regions of the anterior cingulate and of 
the prefrontal cortex) in selective attention, planning, performance 
monitoring and effortful emotion regulation. These systems are 
supposed to interact via the ventral medial prefrontal cortex. 
Furthermore, neocortical lateral regions of the prefrontal cortex 
are considered to operate through a feedback mechanism, whereas 
paleocortical medial prefrontal regions are conserved to operate by 
a feedforward mechanism. Later, the models of Ochsner & Gross 
and Phillips are integrated into one model involving different types 
of emotion regulation processes, depending on the strategy applied 
(behavioural, attentional or cognitive) and whether these strategies are 
applied automatically or voluntary.3 Neural substrates depend on the 
specific subprocess involved; broadly speaking, voluntary subprocesses 
rely on the predominantly lateral prefrontal feedback system (dorso- 
and ventrolateral prefrontal cortex, dorsomedial prefrontal cortex, 
dorsal anterior cingulate cortex) whereas automatic subprocesses 
rely on the medial prefrontal feedforward system (hippocampus, 
parahippocampus, orbitofrontal cortex, subgenual and rostral anterior 
cingulate cortex, dorsomedial prefrontal cortex, dorsal anterior 
cingulate cortex). Amygdala, ventral striatum and thalamus sub serve 
orientation and emotion perception, generating emotional states and 
behaviour, which are in turn regulated by simultaneous activation of 
the voluntary and automatic regulatory systems (Figure 1).
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Figure 1 Neural model of emotion regulation illustrating neural systems 

implicated in voluntary and automatic subprocesses of emotion regulation.

 (a) Feedforward pathway: medial prefrontal cortical system, including the 

OFC, subgenual ACG, rostral ACG, hippocampus and parahippocampus and 

MdPFC. (b) Feedback pathway: lateral prefrontal cortical system, including 

DLPFC and VLPFC. DLPFC, dorsolateral prefrontal cortex; MdPFC, 

dorsomedial prefrontal cortex; ACG, anterior cingulate gyrus; VLPFC, 

ventrolateral prefrontal cortex; OFC, orbital frontal cortex; hipp/parahip, 

hippocampus-parahippocampus region. 

 Reprinted by permission from Macmillan Publishers Ltd: Molecular 

Psychiatry,3 copyright 2008.
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