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ABSTRACT
Introduction: Major depressive disorder (MDD) is
widely prevalent and severely disabling, mainly due to
its recurrent nature. A better understanding of the
mechanisms underlying MDD-recurrence may help to
identify high-risk patients and to improve the
preventive treatment they need. MDD-recurrence has
been considered from various levels of perspective
including symptomatology, affective neuropsychology,
brain circuitry and endocrinology/metabolism.
However, MDD-recurrence understanding is limited,
because these perspectives have been studied mainly
in isolation, cross-sectionally in depressed patients.
Therefore, we aim at improving MDD-recurrence
understanding by studying these four selected
perspectives in combination and prospectively during
remission.
Methods and analysis: In a cohort design, we will
include 60 remitted, unipolar, unmedicated, recurrent
MDD-participants (35–65 years) with ≥2 MDD-
episodes. At baseline, we will compare the MDD-
participants with 40 matched controls. Subsequently,
we will follow-up the MDD-participants for 2.5 years
while monitoring recurrences. We will invite
participants with a recurrence to repeat baseline
measurements, together with matched remitted MDD-
participants. Measurements include questionnaires, sad
mood-induction, lifestyle/diet, 3 T structural (T1-
weighted and diffusion tensor imaging) and blood-
oxygen-level-dependent functional MRI (fMRI) and
MR-spectroscopy. fMRI focusses on resting state,
reward/aversive-related learning and emotion
regulation. With affective neuropsychological tasks we
will test emotional processing. Moreover, we will
assess endocrinology (salivary hypothalamic-pituitary-
adrenal-axis cortisol and dehydroepiandrosterone-
sulfate) and metabolism (metabolomics including
polyunsaturated fatty acids), and store blood for, for
example, inflammation analyses, genomics and
proteomics. Finally, we will perform repeated
momentary daily assessments using experience
sampling methods at baseline. We will integrate
measures to test: (1) differences between

MDD-participants and controls; (2) associations of
baseline measures with retro/prospective recurrence-
rates; and (3) repeated measures changes during
follow-up recurrence. This data set will allow us to
study different predictors of recurrence in combination.
Ethics and dissemination: The local ethics
committee approved this study (AMC-METC-Nr.:11/
050). We will submit results for publication in peer-
reviewed journals and presentation at (inter)national
scientific meetings.
Trial registration number: NTR3768.

INTRODUCTION
Rationale
Major depressive disorder (MDD) is a wide-
spread and disabling mental disorder, with

Strengths and limitations of this study

▪ Strict and specific inclusion-criteria, matching-
procedure and recruitment-procedure, leading to
maximal contrast for major depressive disorder
(MDD)-vulnerability, without distortion due to
important confounders: MDD-residual symptoms
and medication.

▪ Unique integration of a wide range of measures
in a prospective repeated measures design will
allow disentangling of recurrent MDD state-
factors and trait-factors.

▪ The extensive assessment procedure needed to
measure all variables of interest and confounders
will potentially lead to inclusion of participants
that are intrinsically aware of the necessity to
perform clinical research and readily willing to
cooperate.

▪ Only including participants who currently do not
use psychotropic drugs may lead to selection of
particular patient subgroups that for example,
previously experienced little benefit or adverse
effects from medication.
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estimated worldwide prevalences of 4.3% annually and
11.1–14.6% during lifetime.1–4 Currently, MDD has the
highest burden of any disorder in high-income coun-
tries, and is expected to have the second-highest burden
worldwide in 2030.5 MDD’s (in)direct annual excess
costs constitute approximately 1% of the gross domestic
product in these countries.6–8 Next to suicide and car-
diovascular comorbidity,9 an important reason for
MDD’s burden is its recurrent course,2 as already indi-
cated by Kraepelin et al10 and formulated by Angst
et al:11 ‘Single episodes are extremely rare if the period
of observation is significantly extended’.
The incidence of recurrencesi varies depending on

study-characteristics.12–15 While recurrent MDD has
been considered as a distinct disease entity (more famil-
iar to bipolar disorder), population studies show that
recurrence is widespread in MDD with ≥40–75% life-
time recurrence in patients recovered from a first
depressive episode,16–19 with even higher rates in clinical
samples.20 21 Our 10-year follow-up study of a specific
cohort of recurrent MDD-patients showed an overall
90.3% recurrence-rate,22 with patients being in a
depressed state during 13% of the follow-up time.
During lifetime, MDD-patients are estimated to experi-

ence on average about five MDD-episodes.1 21

Therefore, high recurrence rates pose a major health
problem. However, depressive episodes seem to cluster
in subpopulations. This also suggests that the most
MDD-episodes occur in a relatively limited number of
patients. Consequently, if we could lower recurrence
rates in these recurring cases, we may greatly reduce the
overall number of MDD-episodes and thereby MDD’s
burden.23 If we could a-priori identify these patients at
high risk for recurrence, this would provide excellent
opportunities for specific, indicated, (secondary)
prevention.
For recurrence prevention, antidepressants are most

often used,12 24 but unwillingness to take antidepres-
sants, non-adherence and discontinuation due to
adverse effects limit their applicability.25–27 As an alterna-
tive, preventive cognitive psychotherapies have been
developed (eg, mindfulness based cognitive therapy, pre-
ventive cognitive therapy and well-being cognitive
therapy),28–36 which seem to produce long-lasting bene-
ficial effects.22 37 Nevertheless, recurrence-rates stay sub-
stantial, urgently calling for further improvements of
recurrence preventing therapy.
In that respect, if we better understand the mechan-

isms underlying vulnerability for recurrence in MDD, we
could (1) use their indicators as (bio)markers to
monitor/predict recurrence risk, and/or (2) use these
mechanisms to identify/develop novel targets for

improved and personalised preventive therapy in a preci-
sion medicine setting. This early identification and strati-
fied treatment of recurrence risk38 could potentially
reduce recurrent MDD’s disease burden.
However, understanding of mechanisms underlying

MDD-recurrence is limited to date. Although remitted
MDD-patients have already been studied for a number
of years,21 most studies investigate MDD during the
acute phase. However, to be able to differentiate
between trait factors (that remain present during remis-
sion and possibly constitute vulnerability for recurrence)
versus state factors (which are only present during an
MDD-episode), it is necessary to study patients during
remission. In addition, the actual predictive associations
of these possible trait factors with recurrence have to be
tested in long-term prospective follow-ups.
Thus far, the limited research that applied such a pro-

spective approach in remitted MDD-participants investi-
gated several factors as predictive of recurrence. While
associated with MDD onset, demographics (eg, gender)
generally do not predict recurrence; clinical and social
factors seem to be more predictive. Regarding clinical
factors, the number of previous episodes is among the
strongest predictors,39 together with residual depressive
symptoms.19 In addition, MDD family history, comorbid
axis I disorders, age of onset and last episode duration
and severity have been suggested as predictors.15 19 40–46

Furthermore, personality characteristics (coping style
and personality traits) and social factors (experiencing
daily hassles) have been found to be predictive
although findings remain largely inconsistent. In add-
ition, in our previous study a 71% variance in time to
5.5 years recurrence remained unexplained,47 48 and
only few actual predictive factors were potentially
modifiable.
As indicated, the pathophysiology behind these

factors’ predictive properties for recurrence remains far
from understood. For example, residual symptoms
predict recurrence in a short-term interval but seem less
predictive in the long-term interval.49 This indicates that
residual symptoms may not constitute a vulnerability
trait, but rather reflect the early initiation of a new
episode or an earlier episode not yet in full remission.
In addition, the predictive effect of previous episodes
can be explained due to scarring (increasing vulnerabil-
ity directly resulting from experiencing previous epi-
sodes) or high premorbid vulnerability (pre-existing
abnormalities leading to previous episodes and new
recurrences).50–52 From the prediction perspective,
these pathogenetic differences might seem a merely aca-
demic question. However, identifying the mechanisms
underlying MDD-recurrence is essential to discover
better potential targets for innovative preventive inter-
ventions to increase resilience.

Study aims and outline
Based on the above, the present study aims at advancing
the knowledge on (1) factors that are associated with

iThe terms relapse and recurrence are used in the literature and
defined as new MDD-episodes within or after 6mths recovery,
respectively. However, empirically there is no clear evidence for this
distinction. We hereafter will name both recurrence for clarity.
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recurrent MDD-vulnerability, (2) how these factors are
related with each other, (3) their predictive association
with prospective recurrence and (4) their change
during recurrence.
In order to do so, we will initially compare fully remit-

ted unmedicated recurrent MDD-participants to
matched healthy controls. Subsequently, we will monitor
recurrence(s) in the MDD-participants during a 2.5-year
follow-up and repeat measurements when an
MDD-participant experiences a recurrence during
follow-up. Below, we will first outline our theoretical
framework to provide background for our hypotheses
regarding the specifically selected factors that we will
investigate.

Theoretical framework
Based on preliminary findings, theoretical literature,
and observations from adjacent fields, several theories
have been developed to explain recurrence pathogen-
esis. Here, using a stratified approach, we aim to intro-
duce and integrate theories from four distinct selected
levels of perspective:53 54 symptomatology, affective
neuropsychology, brain circuits and endocrinology/
metabolism (figure 1).

Symptom level
A disturbed balance between negative and positive
valence systems seems to lie at the heart of MDD symp-
tomatology.54 Regarding negative valence systems,
MDD-patients suffer from for example, negative affect,
rumination and dysfunctional cognitions. While negative
cognition and processing styles as rumination usually
resolve after remission, they may remain present in
latent form, and can be reactivated during (mild) dys-
phoria, which is conceptualised as ‘cognitive reactiv-
ity’.50 55 56 Interestingly, latent dysfunctional attitudes,
increased cognitive reactivity and rumination have all
been found to predict recurrence in remitted
MDD-participants.57 58 Relating to negative but also posi-
tive valence systems, anhedonia (inability to experience
pleasure) is one of MDD’s core symptoms. Apart from
the ability to experience joy, the rewarding effect of
pleasure can also have a motivational function: pleasur-
able events appear to reinforce behaviour leading to
these events (conditioning). This implies that experien-
cing pleasure is a necessary stimulation to learn associa-
tions between stimuli and (pleasurable) outcomes and
move an individual to perform certain behaviours.
MDD-patients have difficulties in experiencing the
rewarding effects of positive/pleasurable events when
depressed, particularly relative to aversive stimuli, and
indeed have difficulties learning new beneficial beha-
viours. This can also be observed in the form of psycho-
motor retardation and decreased positive affect.
However, anhedonia remains relatively underinvestigated
during remission, and it remains largely unknown to
what extent anhedonia can predict recurrence (see for
reviews59–63).

Affective neuropsychological level
This disturbed balance between negative and positive
valence systems at the symptom level may relate to nega-
tive biases in emotional processing at the affective
(‘hot’) neuropsychological level. Negative biases mani-
fest themselves when (dis)engaging (ie, attentional
bias), memorising, error-monitoring, shifting attention
between or regulating emotional information.64–74

Negative biases are thought to result from increased
negative attention on the self, and are thus related with
negative self-referential processing styles as rumination
and cognitive reactivity, which show a reciprocally
reinforcing relationship with negative affect.75 76

Increasing evidence shows that negative self-referential
processing and associated brain alterations contribute
greatly to the course and development of MDD.75 With
respect to reward processing, negative biases manifest in
decreased reward sensitivity (negative valence) and
increased aversive stimulus sensitivity (positive
valence).54 However, the precise relations between these
concepts, and to what extent these negative emotional
processing biases with associated brain alterations
remain present during remission, and can predict recur-
rence, remains largely unknown.77 78–80

Brain circuit level
From a neurobiological brain circuit perspective, dis-
turbed emotional processing at the affective neuro-
psychological level may be observed as an imbalance
between emotional (limbic/ventral) and regulating
(cognitive/dorsal) regions.81–86 Specifically, emotional
brain regions seem hyperactive in response to negative
stimuli but hypoactive to positive.87 In addition, regulat-
ing regions are generally hypoactive but may show com-
pensatory hyperactivity under certain circumstances, for
example, more automatic emotion regulation.88 This
may be explained by altered functional and structural
connectivity between these regions.89 Furthermore, dis-
turbed functioning of the default-mode network, a
network that is involved in self-referential processing
and is negatively correlated to regions that process atten-
tion and cognitive control, has consistently been
observed in MDD.90–94 Aberrations in the default-mode
network (ie, failure to deactivate default mode network
(DMN) regions)95 during tasks as well as DMN hyper-
connectivity96 during rest have been observed in MDD.
DMN aberrations have been associated with emotional-
cognitive disturbances and increased negative self-focus,
such as rumination.58 75 94 97–106

Especially anhedonic MDD-patients have a decreased
ability to change behaviour in relation to rewards, which
appears to persist after remission.59 107 This reduced
reward responsiveness might be related to blunted
phasic dopaminergic signalling. Indeed, reinforcement
learning appeared impaired in depressed MDD-patients
versus controls, with blunted reward signals in the
ventral striatum, and increased compensatory ventral
tegmental area activations when thirsty patients were
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learning associations between stimuli and water deliv-
ery.108 Furthermore, MDD-patients show reduced reward
anticipation and are less prone to exert effort for a
potential reward.59 These abnormalities also appear
present in participants prone to develop MDD.109 Also,
recognition of reward-related stimuli appeared most dif-
ficult and associated with most impaired brain activities
in the N. accumbens, anterior cingulate cortex (ACC)
and ventromedial prefrontal cortex in patients with
chronic recurrent MDD.110 Thus, dopaminergic
reward-related brain circuits seem to be of importance
in recurrence of MDD. However it remains unclear
whether such abnormalities in reward-related learning
are also associated with recurrence.

Despite increasing research efforts to delineate these
brain circuits, it is hardly investigated how the default-
mode network and its relations to other cognitive net-
works and emotion-processing and reward circuits func-
tion in remitted recurrent MDD-participants.111–116 In
addition, it has been examined scarcely how alterations
in these circuits can predict recurrence in remitted
MDD-participants.117 118

Endocrinology and metabolism
These disturbed brain circuits may be associated with
alterations in endocrinology and metabolism. From an
endocrinological viewpoint, the principal stress system—

the hypothalamic-pituitary-adrenal (HPA)-axis—has

Figure 1 Theoretical framework. Schematic representation of the theoretical framework of the present DELTA-neuroimaging

study. The four selected levels of perspective (endocrinology/metabolism, brain circuits, affective neuropsycholoy and symptoms),

their respective subdomains, and their connections have been depicted. The horizontal straight arrows show potential bidirectional

relationships (for readability bidirectional relationships between eg, anhedonia and cognitive reactivity are not shown), the

horizontal curved arrow shows membrane fluidity balance, coloured arrows show potential connections, dashed arrows show

inhibiting effects and vertical grey arrows show possible underlying pathways. Abbreviations used: DELTA, Depression

Evaluation Longitudinal Therapy Assessment; DHEAS, dehydroepiandrosterone-sulfate; GABA, γ-aminobutyric acid; HPA,

hypothalamic-pituitary-adrenal; PFC, prefrontal cortex; vStr, ventral striatum; VTA, ventral tegmental area; TPN, task positive

network; DMN, default mode network; dACC, dorsal anterior cingulate cortex; pgACC, pregenual anterior cingulate cortex; Amy,

amygdala; ‘Hot’ neuro-Ψ, affective neuropsychology; Cogn. react., cognitive reactivity; Dysf. attit., dysfunctional attitudes.
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been studied extensively in MDD.119 In combination
with, for example, findings in first degree relatives, our
own research indicates that HPA-axis hyperactivity is an
endophenotypic trait, with higher diurnal cortisol and
altered dehydroepiandrosterone-sulfate (DHEAS) that
remain during remission,21 120 121 and potentially
predict recurrence.122–125 Interestingly, HPA-axis activity
can be linked with brain circuit alterations. For example,
the effects of stress on limbic network structure in MDD
could reflect chronic HPA-axis hyperactivation-induced
allostatic load (eg, reducing hippocampal volumes), pre-
disposing to MDD(-recurrences).126 127 Vice versa, the
HPA-axis is controlled by the limbic system,128 through
medial prefrontal connections with amygdala and
hypothalamus.129

Moreover, interestingly, we previously showed a bidirec-
tional relationship between fatty acid metabolism and
HPA-axis activity.130 131 Fatty acids are main constituents
of (nerve) cell membranes and myelin, and so influence
important (neuro)physiological mechanisms such as
exocytosis, membrane-anchored protein function, mem-
brane fluidity, second messenger system activity and
white matter integrity.132 133 Furthermore, they are pre-
cursors of eicosanoids and are associated with brain-
derived neurotrophic factor, which regulate inflamma-
tory homeostasis and nervous system architecture,
respectively.9 133–136 We previously showed that besides
alterations in ω-3 fatty acids, MDD is additionally asso-
ciated with more general alterations in overall fatty acid
metabolism, also in recurrent MDD.137–140 However,
inconsistencies remain, and recurrent MDD has only
been sparsely investigated. Moreover, given the wide-
spread involvement of fatty acid metabolism in brain
physiology, associations between fatty acid metabolism
and brain circuit alterations can be expected,9 136 141

but remained largely uninvestigated thus far.
Furthermore, glutamate/glutamine and γ-aminobutyric

acid (GABA) neurometabolism is currently considered an
interesting additional system in MDD and its recurrence
too. Glutamate and GABA are the major excitatory and
inhibitory neurotransmitter, respectively, and have been
implicated in MDD-pathophysiology.142 143 For instance in
depressed MDD-patients, excess excitotoxic synaptic glu-
tamate have been suggested to cause less pregenual ACC
deactivation when viewing negative emotional pic-
tures.144 145 Nevertheless, previous investigations of glutam-
ate/GABA in depressed MDD-patients remain
contradictory,146 147 and while abnormalities might nor-
malise after remission,148 this is only sparsely investi-
gated,147 149 especially not in recurrent MDD.

Summary of theoretical framework
MDD can be characterised by multiple alterations across
systems that remained distinct thus far, but potentially
can be integrated. At the symptom level, MDD-patients
show a disturbed balance between negative and positive
valence systems with increased latent negative affect,
rumination, dysfunctional cognitions and cognitive

reactivity, together with anhedonia. This may be asso-
ciated with negative emotional biases at the affective
neuropsychological level. These negative emotional
biases may relate to an imbalance between emotional
and regulatory brain circuits, DMN hyperconnectivity/
activity and might also be associated with a disturbed
brain reward circuit. These brain circuit alterations seem
closely connected with HPA-axis alterations, which seem
bidirectionally related with fatty acid and glutamate/
GABA-metabolism (figure 1). However, even if previous
research studied remitted MDD-participants, these altera-
tions were mostly investigated in isolation and only cross-
sectionally. Consequently, it remains largely unknown to
what extent these alterations (1) persist during remission,
(2) are associated with each other, (3) are predictive for
recurrence and (4) change during recurrence.

Hypotheses
With the aim of the current ‘DELTA-neuroimaging’ study
to integrate these factors and test their association with
recurrence in a prospective cohort-study of stably remitted
unmedicated recurrent MDD-participants, we first will
compare MDD-participants with carefully matched con-
trols at baseline, and subsequently we will follow-up the
MDD-participants for 2.5 years while monitoring recur-
rences. Moreover, we will invite recurring participants to
repeat baseline measurements, together with matched
remitted participants. Following this line of research we
will investigate the following specific hypotheses:
1. Compared to matched never-depressed controls,

remitted unmedicated recurrent MDD-participants
will show (ie, a trait effect):
A. At the symptom level, a disturbed balance

between negative and positive valence systems
with increased rumination, dysfunctional cogni-
tions, cognitive reactivity and anhedonia.

B. At the affective neuropsychological level,
increased negative biases in emotional processing
when (dis)engaging (attentional bias), memoris-
ing, shifting attention between, and regulating
emotionally valenced stimuli.

C. At the brain circuit level, altered grey/white
matter structure and function/connectivity of
emotional/regulating regions, reward brain cir-
cuits and the default-mode network, also relative
to other networks of the brain, with specifically:
i. More ventral and less dorsal region activation

when viewing emotional pictures.
ii. Less connectivity between ventral and dorsal

regions.
iii. More activation of dorsal regions during a

reappraisal emotion regulation task.
iv. Blunted ventral striatum and increased

ventral tegmental area reward-signals.
v. Hyperconnectivity within and dominance of

the default-mode network at rest, which
becomes more pronounced after sad
mood-induction.
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D. At the endocrinology and metabolism level,
altered HPA-axis activity, fatty acid metabolism
and emotional network GABA/glutamate, with:
i. Higher morning and evening HPA-axis corti-

sol and relatively lower DHEAS, which
becomes more pronounced after sad
mood-induction.

ii. Lower degree of fatty acid unsaturation,
chain length, peroxidisability and ω-3/
ω-6-ratio.

iii. More glutamate and less glutamine/GABA
signals in the basal ganglia and pgACC,
which becomes more pronounced during sad
mood-induction.

2. In remitted unmedicated recurrent MDD-
participants the above systems will be related with
clinical characteristics (number of previous episodes,
residual symptoms and age of onset) and each other,
and these latter mutual relationships will differ from
those in matched never-depressed controls.

3. In remitted unmedicated recurrent MDD-
participants, above alterations will predict prospective
2.5-year follow-up symptom course, specifically:
A. Time until recurrence
B. Cumulative number and severity of MDD-episodes
C. Course of depressive (residual) symptoms.

4. The above alterations will become more pronounced
during repeated measures in recurrent MDD-
participants experiencing a recurrence during
follow-up, in comparison to repeated measures in
matched remitted recurrent MDD-participants (ie, a
state effect).

METHODS
Design
The present study consists of two stages (figure 2). First,
using a cross-sectional patient-control design, we will
compare remitted recurrent MDD-patients with matched
never-depressed controls, to identify traits that remain
present during remission and that are associated with
recurrent MDD-vulnerability. Second, using a prospect-
ive cohort-design, we will follow-up the patients. During
follow-up, we will measure depression symptoms every
4 months, to see whether we can predict clinical course
from baseline measures. Moreover, when we detect a
follow-up recurrence, we will invite the respective patient
to repeat several baseline measures. In addition, we will
invite remitted patients (matched on duration of
follow-up, gender, age, educational level and working
class) to repeat the measures as well. While this repeated
measures design is not required to predict recurrence, it
is of interest as it allows us to identify depression state
versus trait-effects.
In sum, we will first test for trait factors associated with

MDD-vulnerability by contrasting vulnerable (remitted
recurrent MDD) versus resilient (never-depressed con-
trols) participants. Subsequently, also in order to further
delineate whether these identified factors are causal, con-
sequences or confounders, we will test their predictive
effect of prospective recurrence during follow-up in the
remitted recurrent MDD group. Finally, we aim at disen-
tangling state and trait effects by repeating measures in
patients during recurrence versus matched patients who
are in current remission. Below, we will describe the
population, measures, procedure and analyses in detail

Figure 2 Study design. Figure 2 depicts the study design of the present Depression Evaluation Longitudinal Therapy

Assessment (DELTA)-neuroimaging study. Different part of the study are shown in chronological order from left to right. For a

description of the contents of questionnaire booklets and tasks we refer to the online supplementary text. After screening,

recruited patients and controls participate in the initial assessment where we check inclusion and exclusion criteria, register

variables and covariates of interest, prepare the mood induction and mail questionnaire booklet I and Salivettes. During the

subsequent first study session we will take fasting blood samples, perform the affective neuropsychological tests, perform the sad

mood-induction, explain the experience sampling method (ESM) and the emotion regulation functional MRI (fMRI) task, and

hand out the ESM-psymate and questionnaire booklet II. Subsequently, participants come to the MRI-session, where we take

structural (T1-weighted and diffuse tensor imaging (DTI)) and fMRI-scans (neural and sad mood induction resting state,

reinforcement learning, cued emotional conflict, emotion regulation), as well as γ-aminobutyric acid (GABA)-edited MR

spectroscopy (MRS) of the basal ganglia and pregenual anterior cingulate cortex. Next, we monitor the patients by calling them

every ∼4 months to assess recurrence. In case we detect a recurrence, we invite the respective patient—together with matched

non-recurrent patients—to repeat part of the baseline assessments (blood samples, affective neuropsychological tests, structural

MRI, fMRI (resting state, reinforcement learning) and MRS).
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in that order, additional information can be found in the
online supplementary tables S1 and S2.

Population
Inclusion criteria
To maximise contrast for recurrent MDD-vulnerability,
without confounding effects of medication or current
MDD-symptoms, we will include recurrent MDD-partici-
pants (≥2 previous MDD-episodes as assessed using the
structured clinical interview for Diagnostic and Statistical
Manual of Mental Disorders, fourth edition (DSM-IV)
diagnoses (SCID)150 who are in stable remission (≥8 weeks
with a 17-item Hamilton Depression Rating Scale
(HDRS)≤7 and not fulfilling the criteria for a current
MDD episode (as assessed using the SCID during inclu-
sion)).151 Specifically, we will include participants aged 35–
65 years, to include a homogeneous age group, and to pre-
clude conversion to bipolar disorder due to later experi-
ence of (hypo)manic episodes. Of note, despite overall
high recurrent MDD vulnerability and homogeneity
regarding, for example, age, we expect this group of
MDD-patients to exhibit considerable variance in prospect-
ive recurrence rates. For example, in our previous
research22 30 47 152 the range in previous MDD-episodes
was from 2 to 60, and we will now include patients with
none or only a single episode in the past 10 years. We
expect that this will lead to a relapse rate of ±50% during
the 2.5 years follow-up, providing excellent within-group
contrasts for prospective recurrence in this overall highly
vulnerable group. Second, we will include relatively resili-
ent controls without personal (SCID) or first degree famil-
ial psychiatric history, carefully matched for age, sex,
educational level, working class and ethnicity.

Exclusion criteria
While comorbidity in general will not be an exclusion
criterion because it may be an important predictor, in
order to obtain a homogeneous sample we will exclude
participants with current diagnoses of alcohol/drug
dependence, psychotic or bipolar, predominant anxiety
or severe personality disorder (all SCID); standard MRI
exclusion criteria (eg, metal objects in the body, claus-
trophobia); electroconvulsive therapy within 2 months
before scanning; history of severe head trauma or neuro-
logical disease; severe general physical illness; no
Dutch/English proficiency. To minimise inclusion bias,
we will try to familiarise mildly claustrophobic partici-
pants in a mock MRI-scanner to enable actual
MRI-assessments. If this does not succeed, we will only
perform non-MRI assessments. All participants have to
be without psychoactive drugs/medication for >4 weeks
before assessments. We will allow incidental benzodi-
azepine use, but this must be stopped after informed
consent and ≥2 days before assessments. Despite pos-
sible effects of psychotherapy we will not exclude
current or past psychotherapy due to feasibility reasons.
However, we will assess all forms of therapy used, report
these and treat them as covariates in our analyses.

Recruitment
To minimise selection biases, we will recruit both groups
through identical advertisements in freely available
online and house-to-house papers, posters in public
spaces and from previous studies in our and affiliated
research centres. One previous study from which we will
recruit participants is the Depression Evaluation
Longitudinal Therapy Assessment (DELTA)-study.30 We
recently completed the 10-year follow-up of this rando-
mised controlled trial assessing the protective effects of
8 weeks preventive cognitive therapy on recurrence in
recurrent MDD.22 In this long-term study, we not only
obtained detailed psychological, but also obtained bio-
logical measures, which can be linked to data obtained
in the present study in the same participants. Of note,
the original DELTA sample was recruited like the pro-
cedure for new participants for the present recruitment,
among others through newspaper advertisements. By
DELTA-study design, 50% of the original DELTA sample
received randomised preventive cognitive therapy
10 years ago, however, as (1) previous psychotherapy was
not an exclusion criterion in the present total sample
and (2) the preventive cognitive therapy intervention
was more widely implemented in the Netherlands since
the DELTA-study, non-DELTA participants could also
have undergone this treatment. This allows the add-
itional interesting option to collect data on previous
treatments in all participants in order to estimate the
magnitude of this possible treatment effect. Finally, we
will recruit additional recurrent MDD-participants from
patients previously treated by the AMC or affiliated
general practitioners and psychologists.

Measures
See online supplementary tables S1 and S2 for full
details.

Structured interview and questionnaires
The SCID is widely accepted as structured diagnostic
interview to adequately assess DSM-IV defined psychi-
atric disorders.150 153 Questionnaire-booklets I–IV (see
online supplementary text) include questionnaires on
depressive symptoms (eg, HDRS), stress and life events
(trauma and daily hassles), personality (neuroticism and
coping) and lifestyle (physical activity, sleep and diet).

Mood induction
We will prepare a negative and neutral mood-induction
procedure by asking participants to recall and describe a
personal sad and neutral memory,56 from which we will
make sad and neutral personalised scripts. In addition,
we will request participants to listen to and rate five dif-
ferent fragments of sad/neutral music on a dedicated
website (accessible on request). This type of provocation
(combining sad music with autobiographical recall) has
been shown to effectively induce transient dysphoric
mood states.56 We used this mood induction to test (1)
mood-induced changes in dysfunctional attitudes
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(cognitive reactivity), (2) HPA-axis activity and (3) brain
networks.

Affective neuropsychological tests
The affective neuropsychological tests all assess emo-
tional processing. The exogenous cueing task allows
disentangling of attentional engagement and disengage-
ment components in attentional bias.66 154 The facial
expression recognition task measures interpretation of
key emotionally valenced social signals of varying inten-
sity (morphed faces).69 71 155 The emotional categorisa-
tion task assesses response speed to self-referent positive
and negative personality descriptors, the emotional
memory task follows up on this task by assessing surprise
(free) recollection memory of these personality descrip-
tors.69 71 155 The internal shift task examines capacity to
shift attention between working memory contents in
response to emotional and non-emotional material.156 157

For matching purposes, we will estimate premorbid intel-
ligence with the Dutch adult reading test.158

Experience sampling method
Momentary assessment techniques are ideal for pro-
spective examination of dynamics of observed behaviour,
and enable to capture the film rather than a snapshot of
daily life.159–162 Experience sampling method (ESM) is a
structured diary method developed to study participants
in their daily surroundings, applicable via a validated
interactive ESM-palmtop. We will obtain ESM-ratings
regarding positive and negative affect—hypothesised to
be separate but correlated latent factors163—and pos-
sible influencing factors (e.g. (social) activities), for
6 days with 10 semirandom measurements/day prefer-
ably between the first study-session and MRI-session.

MRI-scans (two blocks)
In the first block, after locater and reference scans, a
structural T1-scan will provide high resolution three-
dimensional anatomical information. Then we will
obtain a resting-state scan after neutral mood-
induction,98 followed by a reinforcement learning
fMRI-task which applies a Pavlovian-learning paradigm
delivering the thirsty participants small amounts of sweet
or bitter solution at 80–20% probabilities after condi-
tional stimuli. This enables assessment of reinforcement
learning circuitry.108 Subsequently, using a GABA-
specific MEGA-PRESS sequence we will obtain an edited
1H J-difference MR spectroscopy (MRS)-scan of the
basal ganglia to measure glutamate and GABA.144 164–166

A diffusion-weighted imaging (DTI) spin echo sequence
will assess white matter structure.167 After a break, in the
second block, participants will perform the cued
emotional conflict fMRI-task, which will test cue related
conflict anticipation and response related cognitive
control.168 Then, the emotion regulation task will
measure brain activity in emotional and regulatory brain
networks during attending and regulating (distancing
technique) positive, negative and neutral emotional

stimuli. Subsequently, we will make another resting-state
scan, but this time after a negative mood-induction. In
combination with the neutral resting-state scan from the
first block, this sad mood-induced resting-state scan will
allow assessment of mood-induced changes in brain
network interactions.98 Finally, we will make another
MRS-scan of the pgACC. In the follow-up MRI-scan-
session we will repeat the structural, resting state
(without mood-induction), reinforcement learning and
MRS-scans. During scanning we will record heartbeat
and breathing in order to correct for their
movement-effects.

Blood measures
From collected blood tubes, we will use 1×4.5 mL EDTA
blood for fatty acid analyses in washed erythrocytes (as a
model of neuronal membranes),139 which we will store
for future lipidomic analyses. We will use 7 mL EDTA
and PaxGene blood collection tubes for future genomic
analyses (eg, serotonin, dopamine, glutamate/GABA-
cascades, one-carbon metabolism or HPA-axis recep-
tors).38 169 170 We will store platelet-poor plasma from
5 mL citrate blood and also store plasma from 4.5 mL
EDTA and lithium-heparine blood collection tubes for
future use (eg, metabolomics and inflammation).171

Salivary measures
As described below and in the online supplementary
text, we will instruct participants to collect salivary
samples over the day using Salivettes (Sarstedt,
Nümbrecht, Germany). Saliva reflects blood cortisol and
DHEAS-concentrations, but enables minimally intrusive
and relatively stress free assessment.120 172 173

Procedure
We will regularly train all assessors and experienced psy-
chiatrists will closely supervise the assessment proce-
dures. We will discuss difficult assessments; in case of
disagreement we will make a conservative decision (eg,
exclusion).

Preparation
Initial assessment and mood-induction
We will telephonically screen recruited participants for
potential eligibility. In a first interview (telephonically or
face-to-face), we will check inclusion and exclusion cri-
teria. After obtaining informed consent we will register
psychiatric and somatic treatment history, covariates of
interest and potential confounders. Furthermore, we will
mail questionnaire-booklet I (see online supplementary
text) and Salivettes, with detailed instructions. In add-
ition, we will prepare the mood-induction procedure.

Baseline visits
First study-session
We will instruct participants to arrive after ≥8 h fasting.
First, we will collect blood samples by venipuncture,
which we will directly bring to the laboratories.
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Subsequently, we will allow participants to eat and drink,
with the exception of caffeinated drinks.
Next, we will instruct participants to perform the

neuropsychological tests in two blocks with a break in
between, and measure waist circumference140 (see
online supplementary text). After neuropsychological
testing, we will explain the scanning procedure and train
the participant for the emotion regulation fMRI-task,
which will be performed in the scanner (see online sup-
plementary table S2). After a 15-min break, participants
will undergo the sad mood-induction. Before and dir-
ectly after sad mood-induction, we will request partici-
pants to fill out a Dysfunctional Attitudes Scale (two
randomised counterbalanced versions),56 174 175 rate
their sadness on a visual analogue scale and collect
saliva (using Salivettes).
Finally, we will explain and instruct participants about

the ESM (see above). In addition, we will provide partici-
pants with questionnaire-booklet II (see online supple-
mentary text) to fill out before the MRI-session.

MRI-session
We will instruct participants to arrive thirsty, that is, ≥6 h
without drinking and ≥2 h without eating juicy food (for
the reward learning task). On a Philips Achieva XT 3 T
MRI (Philips Medical Systems, Best, the Netherlands),
using a 32-channel receiver headcoil, at the University of
Amsterdam, Spinoza Center, we will scan two consecutive
blocks of approximately 60 min each (see above), sepa-
rated by a break. During the scanning procedure, we will
again perform the mood-induction (neutral/sad) in a
slightly modified version as described previously.56 We
will ask participants to listen to their selected most
neutral/sad music piece and meanwhile read their per-
sonal sad/neutral memories presented on a screen in the
scanner (during 5 min), directly before the resting state
scans. Finally, we will debrief participants, complete
questionnaire-booklet III (see online supplementary
text), and obtain post-scan ratings of stimuli presented
during the tasks.

Follow-up
Monitoring
We will follow-up the recurrent MDD-participants by
regular (every ∼4 months) phone-calls (SCID and
HDRS) and questionnaire-booklet IV (see online supple-
mentary text). To maximise recurrence detection rates,
we will also instruct participants to contact us at the
moment they subjectively experience a recurrence and
inform a person close to them of these instructions.
To allow for the possibility to disentangle state and

trait effects, when we detect a recurrence (SCID), we
will invite the respective recurring participant and a
matched remitted (MDD-participant to repeat several
baseline measurements (see below). We will preferably
scan participants before they (again) start antidepres-
sants, but—in order to maintain power—this will not
be an exclusion criterion for the follow-up scan/

measurements. Thus, when patients experience a
relapse and agree to participate in the study again, they
will be matched with recurrent MDD-participants that
are in remission (SCID and HDRS≤7) and meet match-
ing criteria. We will conduct matching based on group-
level characteristics of relapse patients versus control
patients (mean and distribution of follow-up time, age,
years, sex, educational level and working class). In this
way, we also aim to include relatively more control
patients (relapsed:control patients ratio of 1:1.5), with
the goal of increasing power. These matched partici-
pants have to be currently euthymic but can have had a
prior relapse, thus after the baseline measurement, or a
relapse during follow-up after second participation. The
reason for this approach is that we are interested in
comparing the effect of depression (state) versus
depressive vulnerability (trait), instead of simply com-
paring more vulnerable patients to stable patients. This
will give us insight into the pathophysiology of relapse
versus remission; it allows to examine which factors stay
the same, and which factors show change when patients
relapse. Potential in-between recurrences will, however,
be examined as a potential confounder in the final
analyses. Nevertheless, a participant will not be
included more than once in the follow-up repeated
measurements (scanning/neuropsychology), in order to
exclude the possibility of learning effects and habitu-
ation in testing/scanning and prevent complex covari-
ance structures.

Repeated measures in recurring and matched
MDD-participants
We will repeat questionnaire-booklets I–III (see online
supplementary text), blood sampling and neuropsycho-
logical testing. In addition, we will repeat part of the
MRI-scan in an ∼1 h scan-session (see online supple-
mentary table S2). To minimise learning effects, we
will use randomised counterbalanced versions of tasks
when applicable. We will not repeat the mood-
induction.

Statistical analysis plan
E-infrastructure and software
We will store raw and cleaned data on dedicated servers
and make use of available e-infrastructure bioinformatics
networks where necessary.176 We will use a variety of pro-
grammes under which SPSS (IBM SPSS, Chicago,
Illinois, USA).

Data preparation
Distributions and missing data
We will inspect distributions and remove (multivariate)
outliers and data noncompliant to the protocol (eg,
saliva samples outside time-range or chance level (neuro)
psychological responses). We will transform non-normally
distributed data where possible, otherwise we will apply
non-parametric tests or bootstrapping if applicable. For
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extensive missing data at random, we will use multiple
imputation where necessary and possible.139 177 178

(Neuro)psychological tests
For the (neuro)psychological tests, we will calculate
summation-scores where applicable.71 155

ESM
We will prepare ESM-data using developed algorithms.
In brief, we will include data in the analyses for which
>30% ESM reports are within 25 min after the pro-
grammed time of the beep,179 to ensure reliability.180

From the ESM-data we will test the factor structure of
the positive and negative affect measures using factor
analysis, also at the within-participant level (see online
supplementary table S1).163

MRI-data
We will perform standard preprocessing using dedicated
software.181 182 After realignment, we will co-register func-
tional scans to the structural scan, and thereafter normal-
ise to the standard Monteal Neurological Institute (MNI)
brain or a DARTEL template (Diffeomorphic Anatomical
Registration Through Exponentiated Lie Algebra) for
more flexible group normalisation, and smooth. For the
different fMRI paradigms, we will perform fixed effect
analyses on single-participant level with linear regression
techniques (general linear models). For DTI-scans, we
will use tract-based spatial statics for general effects and
tractography for a priori defined tracts of interest.183

Neurometabolism and HPA-axis
We will quantify glutamate and GABA based on acquired
MRS-spectra.165 From concentrations of all measured
fatty acids, we will calculate overall fatty acid unsatur-
ation, chain length and peroxidisability using dedicated
indices.139 Finally, we will calculate cortisol/DHEAS-ratio
as indication of HPA-axis balance.184

Statistical analyses
The statistical analysis protocol has been written, and
the study statistics will be carried out, under close super-
vision of a statistical specialist.

Power analyses
Power analyses for continuous and categorical outcomes
of the cross-sectional and prospective analyses show
adequate power to detect small to medium effect-sizes
with 60 patients and 40 controls (see online supplemen-
tary text). This is in line with previous comparable
research that found significant effects in smaller
samples.66 Power calculations for studies involving MRI
remain hard and are not used routinely (for an
approach see eg, Mumford and Nichols,185 Hayasaka
et al186 and Murphy et al187). Currently, there is consen-
sus that groups of ≥20 usually yield sufficient power in
MRI-studies to detect moderate differences in regions of
interest.

Based on these power estimations and feasibility
aspects, we will test our first hypotheses on acquired
scans from 60 recurrent MDD-participant and 40 con-
trols, which is for baseline group comparisons a number
more than common in MRI studies, also in studies with
a comparable design.188 Regarding feasibility, next to
scanning costs which limit participant number, recruit-
ment efforts were estimated based on our previous
studies. These efforts will be manageable with this
sample size of specifically remitted recurrent MDD-
patients that have to be medication free.30

Regarding the prospective analyses, in a previous study
with recurrent MDD-participants, we observed ∼50%
recurrence rate in 2.5 years.30 We therefore expect
2×20–30 participants to be eligible for a second scan
and subsequent comparisons, allowing for some drop-
outs. Based on previous research in comparable samples
we expect low attrition rates.22 30 47 152 Moreover, all par-
ticipants can be included in the Cox-regression analyses,
since these can adequately deal with attrition (outcome
measure incorporates time to event or censored end of
observation). As not all participants will be identified
when the recurrence is present and/or not all recurrent
patients will be available for a second scan, we expect to
obtain two groups of ±20 patients with or without a
recurrence up who will be scanned again during follow.
We perform a large set of measurements, which

carries the risk of false positives. However, as we will
perform analyses according to analysis-plans which are a
priori specified, we will do so for independent a priori
hypotheses. In addition, we will use multivariate analysis
techniques (eg, machine-learning) to further reduce the
risk of chance findings. Nevertheless, although our
sample size will exceed the level of a pilot-study, espe-
cially for the prediction measures that we will identify we
will need new samples to replicate our findings.
Finally, next to our a priori power analyses, we will

perform post hoc power analyses of our outcomes once
the data have been analysed.

Descriptive data
We will provide descriptive statistics and compare groups
using χ2 tests and independent samples t tests where
applicable.

First and second hypotheses
For the first hypotheses we will compare the remitted
recurrent MDD-group with the control-group using
(multiple) general linear models or linear mixed models
(eg, complex repeated measures/covariance structure,
nested data, missing data), where applicable.189 We will
present results uncorrected and corrected for confoun-
ders (factors differing between groups with p<0.1) and/
or covariates of interest, using propensity scores where
applicable.190 Independent variables will be group
(recurrent MDD vs control), potential covariates, their
interaction(s) and confounders; the selected outcome(s)
for a given specific hypothesis will be dependent variable
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(s). If interaction effects do not contribute to the model,
we will remove them to obtain the most parsimonious
models. For the second hypotheses we will use compar-
able models, except that we will omit the control-group
(and consequently the group-variable and interactions)
from the models, and focus on effects of clinical vari-
ables of interest in the remitted recurrent MDD-group.

Third and fourth hypotheses
For the prediction analyses, we will use cox-regression
models to investigate prospective association between
baseline measures and time until first recurrence. Using
time until first recurrence as primary outcome measure
will provide additional modelable variance in the data
since such contrasts not only incorporate 50% recur-
rence, but also fast versus slow recurrence that may be
highly relevant from a clinical perspective. Furthermore,
in first instance we are planning to only use the time
invariant baseline predictors. However, in a later stage,
we will incorporate the variables that we measure over
time, for example, the HDRS or rumination question-
naires, to see how changes in these parameters over
time are associated with future recurrence (eg, medi-
ation) and/or time until recurrence.
Next, we will model significant univariate associations

in multiple regression models, with correction for other
confounders and covariates of interest related to recur-
rence (eg, number of previous episodes, residual symp-
toms, ‘daily hassles’ and coping style). Moreover, we will
analyse secondary outcomes (cumulative number, length
and severity of MDD-episodes and course of depressive
(residual) symptoms) using (multivariate) general linear
models or linear mixed models, where applicable. For
the fourth hypotheses, we will investigate change during
recurrence using repeated measures general linear
models or linear mixed models where applicable.

Additional analyses
To exploit the multimodal and multidimensional charac-
ter of our data, we plan to apply advanced statistical
methods to identify relevant multivariate patterns,
including machine learning, factor and network ana-
lyses.191–193

ETHICS AND DISSEMINATION
Ethical considerations
Regulation statement
We will conduct this study according to Declaration of
Helsinki principles (Seoul, October 2008) and the
Medical Research Involving Human Subjects Act
(WMO). The study is approved by the accredited
Medical Ethical Committee (METC) of the Academic
Medical Centre (AMC), teaching hospital of the
University of Amsterdam. We will obtain written
informed consent beforehand from all participants,
after careful and extensive written and oral information.
If desired, we will give participants up to 2 weeks to

consider their decision. Investigators will receive good
clinical practice training, in agreement with the AMC
research code.

Handling of data and documents
We will encode data and keep this data and blood
samples for at least 15 years. Only researchers directly
involved in the study will have access to encoded data,
the key will be with the researcher only. We will label
blood samples with anonymised patient numbers.

Benefits and risk assessment
There is no immediate advantage of participation for
participants, there are no interventions scheduled in
this study. MRI is non-invasive, so hardly any risks are
associated with this study. Therefore, the METC deter-
mined that no liability insurance is required. We will
inform participants and the reviewing accredited METC
if anything occurs, on the basis of which it appears that
disadvantages of participation may be significantly
greater than was foreseen.
Because we recruit unmedicated participants with

moderate to high recurrence risk, it may be questioned
whether follow-up of these participants is ethically justi-
fied. However, we will not actively propose tapering or
discontinuation of antidepressant therapy. Instead we
will only include participants who decided to stop anti-
depressants beforehand. In case we detect suicidality
during follow-up, we have a protocol available including
a consulting psychiatrist for emergency situations and
referral the most appropriate emergency service. We
therefore consider this study ethically justifiable.
In addition, advantages of participation and follow-up

will be that MDD-recurrence will be detected early so
prompt psychiatric treatment can be offered. In natural-
istic care there might be substantial patient and institu-
tional delays before recurrence is detected and
treatment can be started.194

Compensation
Participants will receive €75,- for their participation,
besides compensation for travel expenses. For comple-
tion of a follow-up scan we will pay €50,-.

Teaching
This study will provide training of PhD-students, and will
involve educational internships of medicine, psychology
and neuroscience bachelor-students and master-students
of the Universities of Amsterdam, Nijmegen and
Groningen and VU-university.

Dissemination
Public disclosure and publication policy
We will submit study-results for publication in peer
reviewed journals and presentation at (inter)national
meetings, taking into account relevant reporting guide-
lines (eg, Committee on Publication Ethics (COPE),
STrengthening the Reporting of OBservational studies
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in Epidemiology (STROBE)).195–197 We will regularly
notify participants of publication. Curated technical
appendices, statistical code, and anonymised data will
become freely available from the corresponding authors
on request.198

DISCUSSION
Summary
In summary, the current multimodal DELTA-
neuroimaging study will investigate recurrent MDD vulner-
ability by comparing remitted unmedicated recurrent
MDD-participants with carefully matched controls without
personal/first degree familial psychiatric history.
Biopsychosocial assessments integrate four distinct levels
of perspective: symptomatology, affective neuropsychology,
brain circuits and endocrinology/metabolism.
Subsequently, the cohort of recurrent MDD-participants
will be followed-up to test to what extent baseline measure-
ments predict, and/or change during prospective recur-
rence. This will help to disentangle the pathophysiology
behind MDD-recurrence, and thereby provide (1) (bio)
markers identifying high-risk patients needing additional
preventive treatment, and (2) novel targets to improve the
treatments preventing against recurrences. Given MDD’s
highly recurrent nature, this knowledge has the potential
to substantially reduce MDD’s disease burden.

Limitations and strengths
Limitations
Several limitations of the current study should be noted
beforehand. First, the extensive assessment procedure
needed to measure all variables of interest and confoun-
ders will potentially lead to inclusion of participants that
are intrinsically aware of the necessity to perform clinical
research and readily willing to cooperate. Nevertheless,
this selection bias is inherent to translational neuroscien-
tific research, and the relatively large number of partici-
pants that will be included will increase external validity.
Moreover, testing the integrated hypotheses of the
current study is only possible by combining the different
assessments.
Second, to overcome potential confounding effects of

antidepressants and other psychotropic medication, only
participants who currently do not use these drugs will be
included. This may lead to selection of particular
patient subgroups that (1) experienced little benefit
from previous medication trials, (2) are hesitant to use
these medications because of adverse effects or for prin-
ciple reasons, (3) experience other barriers to care (eg,
financial) or (4) have an intrinsically lower vulnerability
to have severe recurrences. In addition, it may slow
down inclusion. However, this is the only way to study
the hypotheses at hand while eliminating confounding
effects of medication use. Furthermore, the participants
included in the current study may be a clinically relevant
representation of patients that do not want to take anti-
depressant drugs, for whom knowledge of underlying

vulnerability and measures to determine this vulnerabil-
ity might be of help to develop novel alternative treat-
ments to prevent recurrence risk.
Third, for practical reasons family history will be

determined by heteroanamnesis. This may lead to recall
or other biases. However, both under and over-
representation can be expected, so we expect this will
not result in systematic biases.
Fourth, DSM-IV diagnostic criteria will be used for

current study’s diagnoses, while the DSM-5 has already
been introduced. Since the classification of depressive
episodes (ie, recurrences) have not changed in DSM-5,
this and our specific inclusion and exclusion criteria will
not lead to difficulties in translating the results when
DSM-5 will be used.
Fifth, the current study’s assessments will not include

measures of HPA-axis feedback (e.g. dexamethasone sup-
pression(/corticotropin-releasing hormone-challenge)
test).199 This was not included to prevent overburdening
of participants. While consequently the current study will
not be able to directly assess HPA-axis feedback, the
study’s seven salivary HPA-axis measures without pharma-
cological challenge during the baseline assessments will
provide an adequate indication of HPA-axis activity under
natural circumstances, including stress by mood
induction.120 172

Sixth, the current study’s MRI-measures will be made
using 3 T field strength, while higher field strengths are
also available. Although obviously higher field strengths
increase signal to noise ratio, they may also have several
disadvantages.200 Higher costs and specific absorption
rates, together with increased risk for artefacts due to
for example, inhomogeneous transmit fields, more
extensive contraindications and peripheral nerve stimu-
lation limit high field strength applicability. These disad-
vantages apply to clinical studies like the present one,
but even more to the clinical setting.200 Therefore, 3 T
findings may be more readily clinically translated than
findings at higher field strengths, and could therefore
be more relevant from the clinical perspective.200

Seventh, while the combined cross-sectional patient-
control and prospective follow-up design of the current
study has great advantages, it brings along a balance
between two contrasts. First, the recurrent MDD-
vulnerability contrast in the comparison between highly
vulnerable patients and matched resilient controls; and
second the within patient-group contrast in time until
recurrence of fast recurrence during follow-up versus no
or late recurrence. Strongly increasing the first contrast
by including only extremely high recurrence risk
patients entails the risk of decreasing the second con-
trast because all patients will experience fast recurrence.
The other way around, by including too many patients
with a low recurrence risk, the first contrast may be dis-
advantaged because the traits will not be outspoken
enough to be detected. Therefore, also based on our
previous research, we opted to increase to first contrast
by including relatively resilient controls, together with
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patients that have proven vulnerability for recurrent
MDD (ie, ≤2 previous MDD episodes). However, we did
not express any additional vulnerability criteria, for
example, time since last episode or higher number of
previous episodes, in order to (1) include recurrent
MDD-patients that form a naturalistic sample that is rep-
resentative regarding vulnerability and (2) not to
decrease the second contrast in time until recurrence.
Of note, we will not include single episode

MDD-participants. While this would enable comparisons
against a relatively low recurrence risk group, instead of
controls, this was deemed to be logistically even more
difficult to achieve. Regarding the second contrast in
time until recurrence, based on our previous research
and our inclusion procedure, we expect a large spread
in the number of previous episodes (eg, from 2 up to
60) and time since last episode (eg, from 8 weeks up to
>10 years), which both imply modelable variance/con-
trast in prospective recurrence risk.201 With an expected
‘optimal’ distribution of 50% recurrence-rate during
follow-up, we think that our group would be the most
interesting and feasible group to study when looking for
factors that can predict imminent recurrence, in order
to (1) select participants that may benefit from prevent-
ive treatment, and (2) identify pathophysiological
mechanisms that can be targeted in these participants to
prevent recurrence risk.
Finally, the current study does not include (rando-

mised) interventions. Therefore, it will not be possible
to say whether observed effects are causal in nature.
Nevertheless, the current study’s prospective, repeated
measures design can optimally select targets for future
randomised clinical trials to test the causal nature of
observed effects.

Strengths
The current study also has several distinct strengths.
Owing to its strict and specific inclusion-criteria,
matching-procedure and recruitment-procedure, the
contrast for MDD-vulnerability will be maximal, without
distortion due to important confounders: MDD-residual
symptoms and medication. In addition, the unique inte-
gration of a wide range of measures in a prospective
repeated measures design will allow disentangling of
recurrent MDD state-factors and trait-factors.
Furthermore, the study will be performed by an

experienced international multicentre research group,
combining expertise from all measured perspectives.
Additionally, the Netherlands’ relative limited geo-
graphic size and high level of social organisation make it
well suited for long-term follow-up research.
Next, ESM-results could set the stage for innovative

cost-effective e-health interventions. Moreover, the focus
on lifestyle factors (physical activity/diet) and their bio-
logical effects could provide more insight into recurrent
MDD-patients’ increased risk to develop cardiovascular
disease,9 as already acknowledged in the introduction.
By combining these lifestyle (biological) assessments

with investigation of (the neurobiology of) motivation,
the present study could lead to development of interven-
tions that help to motivate recurrent MDD-patients to
improve their lifestyle. This not only has the potential to
prevent recurrence, but also the highly comorbid cardio-
vascular risk.202

Conclusion
By integrating the symptom level, affective neuropsych-
ology, brain circuits and endocrinology/metabolism,
using a prospective repeated measures design in remit-
ted MDD-participants, the present DELTA-neuroimaging
study will provide more insight in recurrent
MDD-vulnerability. Increased insight will lead to novel
targets for (I) improved preventive therapy, and/or (II)
(bio)markers to monitor and/or predict recurrence risk.
Consequently, ultimately, it holds potential to alleviate
MDD’s highly recurrent course and reduce its currently
overwhelming global disease burden.
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