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Abstract

There is increasing evidence that both major depressive disorder (MDD) and early life stress
(ELS) have shared effects on cognitive and neurobiological measures, including affective
(emotion-laden) cognition and brain structure. Despite the documented high prevalence of
ELS in MDD and undisputed role of ELS as a key environmental risk factor for MDD, very few
studies in depression have controlled for ELS. This has made it difficult to disentangle the
relative effects of ELS and MDD (and possible interactions) on affective cognition and
morphological measures.

My PhD addressed this gap in the literature by applying a variety of methods and types of
studies, including a systematic review and cross-sectional neuropsychological and
neuroimaging studies. The overarching hypothesis of the PhD was that ELS at least partially
mediates the effects on several cognitive and neural markers often attributed to depression,
specifically affective cognition and brain structure. Study 1 comprehensively and
systematically assessed affective cognition in ELS and MDD using a novel validated test
battery. Results emphasised the multifaceted nature of affective cognition and revealed
that specific constructs of affective cognition were affected primarily by MDD diagnosis,
while others were more sensitive to ELS. A systematic review of grey matter volume (GMV)
changes in MDD and ELS was provided in Study 2. This highlighted the key role ELS appears
to play in GMV reductions of several brain regions, in particular the hippocampus and its
subfields, independent of MDD. However, many included studies suffered from low/absent
levels of ELS in the healthy control groups, limiting the ability to draw firm conclusions
about the independent effect of ELS on brain structure. Furthermore, despite emerging
evidence for sensitive periods during brain development and differential neurobiological
effects of specific types of ELS, included studies did not measure timing of ELS and the vast
majority did not specify ELS subtypes. Study 3 directly addressed these issues by
investigating GMV of the hippocampus and amygdala (and their subfields) in MDD and ELS
(specifically childhood sexual abuse; CSA) in a highly controlled study. Results indicated
significant volume reductions in several hippocampal head subfields in CSA, independent of
MDD. On the other hand, Study 4 revealed that another morphological index, cortical
thickness, appears more sensitive to MDD than CSA. Specifically, MDD, independently of
CSA, was associated with significantly increased cortical thickness in the medial
orbitofrontal cortex and insula.

Overall, studies 1-4 indicate that distinctive constructs of affective cognition and different
morphological indices appear to be differentially and specifically affected by ELS or MDD.
The findings of my doctoral research demonstrate the importance of measuring and
controlling for ELS in studies of affective cognition and brain structure in depression to avoid
misattribution of observed effects. Given that analyses all controlled for ELS and ensured
matched healthy control groups with comparable ELS (or specifically CSA) levels were
included, findings can be more firmly attributed to either MDD or ELS than has often been
the case in previous studies. This distinction is important as it may inform mechanisms
underlying ELS as a risk factor for depression and elucidate more targeted
treatments/interventions.
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Introduction

1. Background
1.1. Major Depressive Disorder

A 2011 report presented at the World Economic Forum estimated that in the US alone the
economic cost of mental health disorders would account for a $16.1 trillion loss over the
next 20 years, more than all other non-communicable diseases combined (including,
amongst others, cancer, cardiovascular diseases and diabetes; Bloom et al., 2012). In
addition to their staggering economic costs, mental illnesses are also among the most
disabling disorders and severely impair quality of life. Surveys from 28 representative
countries indicated that mental health disorders, including depression, are more severely
disabling than any physical conditions examined, including widespread conditions such as
headaches, diabetes, chronic pain and cancer (Kessler et al., 2011). In the UK, mental health
disorders have an estimated lifetime prevalence of 25%, with major depressive disorder
(MDD) being the most common diagnosis (Beddington et al., 2008; Green et al., 2005).
Given the immense costs to society, as a whole as well as to individuals afflicted with mental
health disorders such as depression, there is a clear need for improved understanding of the
aetiology of the disorder, as well as identifying cognitive and neural markers associated with

MDD in the hope of identifying novel treatment targets and avenues for intervention.

1.2 Early Life Stress

Prior to discussing the link between early life stress (ELS) and MDD, it is important to note
that the nomenclature for ELS is inconsistent, with various studies interchangeably using
different terms including childhood trauma, childhood adversity/abuse, child maltreatment,

amongst others (Smith & Pollak, 2020). To further complicate comparisons of studies of ELS,



many different definitions are applied, with researchers considering different ages, severity
of exposure, and types of maltreatment (which may be limited to abuse/neglect or include
various additional factors such as parental separation, death of a family member, natural
disaster, robbery, institutionalisation etc). Reflecting the vastly differing definitions, a large
variety of measures have been used to assess ELS, and as such complicate interpretations of
findings between studies and disciplines. For the purposes of this PhD, the term ELS will be
consistently used to describe childhood abuse/neglect occurring until age 18, and consisting
of 5 subtypes of abuse, frequently studied using the validated Childhood Trauma
Questionnaire (CTQ; Bernstein et al., 2003), a 28-item retrospective self-report
guestionnaire. The 5 subtypes of ELS assessed include emotional abuse (EA), physical abuse

(PA), sexual abuse (SA), emotional neglect (EN), and physical neglect (PN).

ELS is known to significantly increase the risk of various psychiatric disorders including
depression (Lindert et al., 2014; McCrory et al., 2017). Estimates of the population
attributable risk proportion for MDD accounted for by ELS range from 23% (Kessler et al.,
2010) to 54% (Anda et al., 2002). Several prospective longitudinal studies have confirmed
the heightened risk for MDD following significant ELS exposure, estimating an approximate
1.5 - 3 odds ratio of developing MDD in later life, which may differ slightly depending on
type of abuse and exposure to multiple types of abuse (Danese et al., 2009; Norman et al.,
2012; Scott et al., 2010; Widom et al., 2007). Furthermore, MDD in conjunction with ELS has
been associated with higher rates of comorbidity with other psychiatric disorders, earlier
age of MDD onset, (Widom et al., 2007) and increased likelihood of poor treatment
response and outcomes (see Nanni et al., 2012 for a meta-analysis) compared to MDD

individuals with no ELS exposure. Moreover, environmental risk factors, including ELS, may
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play a larger role than genetics in the development of MDD, with twin studies suggesting
relatively low levels of heritability (in particular for less severe MDD and later age of onset;
Kendler et al., 2006; Kendler et al., 1992; Lyons et al., 1998). However, recent studies have
highlighted that gene-environment interactions, such as with ELS, may play an important
role in the development of depression, though findings are still inconclusive and hindered
by various methodological issues (see Li et al., 2020 for a systematic review). Given the
substantial increase in risk for developing MDD following ELS, it comes as no surprise that
rates of ELS within MDD samples are significantly higher than in the general community -
studies have found a greater than 2-fold increase of significant ELS exposure in MDD
participants compared to HC with a prevalence between 50.5% to 62.5% of significant

childhood trauma reported in MDD participants (Williams et al., 2016; Xie et al., 2018).

Theories diverge on whether ELS may represent a general and cumulative effect on later life
psychopathology (Evans & Whipple, 2013), or may depend on specific types of stressors
(McLaughlin & Sheridan, 2016). Increasing evidence suggests that ELS subtypes (EA, PA, SA,
EN, and PN) may be associated with particular psychiatric disorders and
cognitive/neurobiological changes. However, findings to date are somewhat inconsistent
and may depend on measures used to assess ELS and MDD as well as age/gender of
participants — a systematic review of ELS subtypes and adult psychopathology found
strongest associations between PA, SA and neglect with mood disorders (Carr et al., 2013)
while a longitudinal study in adolescents found only EA and EN/PN predicted later
depressed mood (while correlations with PA and SA were no longer significant after
controlling for EA, EN, and PN; Cohen et al., 2019). A systematic review of neuroimaging

studies in ELS found that different subtypes (including SA, EA, and EN/PN) were associated
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with specific structural and functional abnormalities, while other deficits (such as
attenuated frontal cortex grey matter volume) were common to all subtypes of ELS (Cassiers
et al., 2018). Importantly, these two theories may not be mutually exclusive, as emerging
research suggests that both specific and cumulative effects of ELS have been observed on
various aspects of neurobiology and cognition (Smith & Pollak, 2020). Research
investigations should hence ideally incorporate both into their investigations, allowing for
measures of both cumulative ELS and specific types of abuse using standardised measures

(to allow for meaningful comparisons between studies).

1.3. Possible mechanisms underlying relationship between ELS and MDD

While ELS as a risk factor for psychiatric disorders, including MDD, is undisputed, the
mechanisms underlying this link are still poorly understood (Smith & Pollak, 2020).
Accumulating evidence suggests that there are likely multiple pathways by which ELS may
contribute to the development of MDD, including various neurobiological, genetic,
neuroendocrine, and cognitive changes associated with ELS (Pechtel & Pizzagalli, 2011;

Smith & Pollak, 2020).

Several epigenetic modifications of stress response genes have been documented following
ELS, and may constitute one of the pathways by which ELS confers risk for development of
MDD (Caspi et al., 2003; Jiang et al., 2019; Penner-Goeke & Binder, 2019). While gene x
environment interactions (in particular pertaining to the serotonin transporter gene and the
FKBP5 gene) and epigenetic mechanisms (such as DNA methylation) have been associated
with ELS and MDD, results to date are inconsistent and further research is needed to

investigate these possible links (Heim & Binder, 2012; Jaworska-Andryszewska &
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Rybakowski, 2019; Lin & Tsai, 2019). Another key mechanism that may contribute to
heightened risk for MDD is a sensitisation of the neuroendocrine stress response, immune
activation, and increased inflammation, following ELS (Heim et al., 2008). Several empirical
studies and theoretical frameworks have further highlighted the key role of neurobiological
and cognitive changes in the aetiology and maintenance of depression (Disner et al., 2011;
Drevets et al., 2008; Roiser & Sahakian, 2013). Emerging evidence suggests that ELS may be
associated with similar cognitive and neurobiological markers as depression, which may in
fact represent a key link between ELS exposure and later life depression (Heim et al., 2004;
Pechtel & Pizzagalli, 2011; Smith & Pollak, 2020). Many neurobiological and cognitive
markers have been studied in MDD and ELS, including structural and functional brain

measures and affective (emotion-laden) and non-affective (non-emotional) cognition.

Both structural and functional neuroimaging studies have implicated various brain
structures in MDD and ELS including those involved in stress response, emotion processing
and regulation, memory, reward and punishment learning, executive functioning, and
others. In particular, altered functioning and structure has been reported in frontal lobe
structures, the limbic system, and striatum, amongst others, in both ELS and MDD (Smith &
Pollak, 2020; Pechtel & Pizzagalli, 2011). Due to practical limitations (both in terms of time
and funding constraints) this PhD focusses on structural brain changes in MDD and ELS. One
of the key findings consistently reported in MDD, a reduction in hippocampal grey matter
volume (see Videbech & Ravnkilde, 2004 for a meta-analysis), has increasingly been
reported in ELS (for systematic reviews and meta-analyses, see Calem et al., 2017; Paquola
et al., 2016), and emerging evidence suggests that perhaps grey matter volume (GMV)

changes following ELS may serve as a vulnerability to later life MDD (Rao et al., 2010). Other
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areas have been similarly implicated, including the caudate, orbitofrontal cortex, and
posterior cingulate cortex (see Study 2 for a systematic review of the literature).
Furthermore, other morphological indices, such as surface area, and cortical thickness, have
been increasingly studied in MDD, and, to a lesser degree, ELS. While the literature is
somewhat more limited and inconsistent to date (possible due to methodological and
sampling differences), multiple brain regions have been implicated in both MDD and ELS

(see Study 4 for a more detailed discussion and empirical findings).

The plethora of brain regions identified highlight the complexity of underlying neural
mechanisms, and emphasise the involvement of multiple cognitive and neurobiological
mechanisms in the consequences of ELS and pathophysiology of depression. However, it
should be noted that the vast majority of both structural and functional neuroimaging
studies in humans to date have focused on either MDD or ELS in isolation, making it difficult

to assess the relative contribution of each (or possible interactions) on neural markers.

Finally, disruptions in cognition, particularly affective cognition (relating to processing of
emotional stimuli), are a hallmark of depression and are thought to play a key role in both
the aetiology and maintenance of the disorder (Elliott et al., 2011; Roiser et al., 2012; Roiser
& Sahakian, 2013; Sanislow et al., 2010). While depression has also been associated with
deficits in non-affective cognition, including executive functioning, memory, and attention
(Keefe and Harvey, 2012; Rock et al., 2014), deficits in affective cognition are thought to
play a central role in the development and exacerbation of the disorder, and have been
linked to both functional and clinical outcomes (Couture et al., 2006; Insel et al., 2010;

Roiser et al., 2012; Sanislow et al., 2010). Multiple changes in affective cognition in MDD
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have been observed, including mood-congruent processing biases, and deficits in
motivation, reward and punishment processing/learning (Roiser & Sahakian, 2013). Though
far fewer studies have investigated affective cognition in ELS, converging evidence points to
several similarities in affective cognition changes observed in MDD, which may confer an
increased risk for later life depression (Pechtel & Pizzagalli, 2011). However, as with
neurobiological studies, affective cognition in MDD and ELS are rarely investigated in the
same sample, and most studies of depression do not measure or control for ELS, and as such
risk potentially misattributing several observed changes in cognition to MDD when ELS may

represent a key mediating factor.

In summary, while ELS has clearly been implicated in the pathophysiology of depression, the
exact mechanisms have not been fully established to date. Studies from a variety of
disciplines, including psychology, epidemiology, genetics, biology, and cognitive
neuroscience highlight the complex nature of mechanisms likely contributing to ELS
exposure conferring risk for development of depression. There is also increasing evidence
that these effects do not occur in isolation, and instead interact in complex ways to give rise
to vulnerabilities for depression. For instance, evidence suggests that changes in the
immune system and inflammatory response following ELS may be a result of neurobiological
changes in neural circuits involved in stress response and emotional processes, such as the
prefrontal cortex, hippocampus, amygdala, and striatum (Smith & Pollak., 2020). Due to
practical limitations and feasibility, this PhD focussed on two of the key aforementioned
proposed mechanisms underlying risk for depression following ELS exposure: cognitive
(specifically affective cognition) and neurobiological markers (specifically structural brain

changes).
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1.4. Affective cognition

1.4.1. Measures of affective cognition

Affective (emotion-laden or ‘hot’) cognition may be broadly defined as cognitive processes
occurring in emotional contexts that interact and shape subsequent behaviour (Elliott et al.,
2011). One of the main issues impeding progress in this research area is the multitude of
measures used to assess affective cognition due to a lack of consensus around which
subcomponents constitute this multi-faceted construct and how to measure them
comprehensively. Lack of standardisation and resulting diversity in methodology of
assessment have in turn made it difficult to draw overarching conclusions from previous
research (Elliott et al., 2011). While several standardised test batteries exist for non-
affective (‘cold’) cognition such as the widely implemented and cited CANTAB tests (see
www.cambridgecognition.com), measures for affective cognition are significantly sparser to
date. One of the few affective cognition test batteries, the P1vital® Oxford Emotional Test
Battery (ETB; https://www.plvital.com) comprises 5 tasks (measuring emotion
identification/categorisation and attention to and memory for affective information), and
has been well-validated and successfully applied in clinical trials and studies investigating
the effect of psychopharmacological interventions (such as antidepressants) on cognitive
processing (e.g. Harmer et al., 2003; Harmer et al., 2011; Murphy et al., 2008). However,
several proposed components of affective cognition, including motivation/reward and social
cognition (Elliott et al., 2011; Roiser & Sahakian, 2013), are not assessed. Similarly, while the
MATRICS Consensus Cognitive battery (which was developed primarily for use in
schizophrenia), includes a social cognition task, the remaining 9 tasks are predominantly

non-affective tasks (using non emotional stimuli) (Nuechterlein et al., 2008).
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A novel, recently validated, neuropsychological test battery of affective cognition
(EMOTICOM) was developed to address this gap by providing a comprehensive and
standardised assessment of the multifaceted construct of affective cognition and enable
comparisons between different patient populations to be drawn (Bland et al., 2016).
EMOTICOM consists of 17 individual tasks assessing different constructs of affective
cognition, which developers broadly classified as falling into four key domains: emotional
processing, motivation/reward, social cognition, and impulsivity (Bland et al., 2016). As the
most comprehensive test battery for affective cognition developed to date, we selected the
EMOTICOM test battery to be used in this PhD project, with the aim of elucidating the

effects of MDD versus ELS on numerous distinct constructs of affective cognition.

1.4.2. Affective cognition in MDD and ELS

Affective cognition in MDD and ELS is discussed in detail in Study 1. While changes in both
affective cognition and ‘cold’ (emotion-independent or non-affective) cognition (Roiser et
al., 2009) have been documented in MDD (for a review, see Roiser & Sahakian, 2013), and
ELS (for a review, see Pechtel & Pizzagalli, 2011), abnormalities in affective cognition in
particular may be longer lasting and thereby potentially heighten risk for psychopathology
including MDD (Pechtel & Pizzagalli, 2011). Furthermore, changes in affective cognition in
MDD have been associated with functional (Couture et al., 2006; Insel et al., 2010; Sanislow
et al., 2010) and clinical (Bouhuys et al., 1999) outcomes. Numerous changes in affective
cognition have been documented in MDD, in particular a mood-congruent processing bias
(negative affective bias), and deficits in motivation, reward and punishment
processing/learning (Roiser & Sahakian, 2013). Several of these findings have been similarly

identified in ELS, though studies to date are less numerous (Elliott et al., 2011; Pechtel &
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Pizzagalli, 2011). More research is needed, particularly in samples measuring both ELS and
MDD, to comprehensively assess affective cognition and determine the relative effect of ELS

versus MDD.

1.5. Brain structure

1.5.1. Morphological measures and methods

Similarly to ELS, comparisons in structural brain changes between studies can at times be
impeded by differences in methodology (both during neuroimaging data acquisition and
analysis) and choice of outcome variables. Commonly investigated measures of neural
morphology include GMV, cortical thickness, and surface area. While cortical thickness and
surface area/GMV are thought to be phenotypically independent, surface area and GMV
may be more closely associated (Winkler et al., 2009). Furthermore, it is important to note
that all three morphological indexes have been associated with age-related atrophy during
normal ageing (Lemaitre, 2010), highlighting the need for studies to either control for age or

ensure comparison groups are well-matched in age.

In terms of previous literature in MDD and ELS, GMV is indisputably the most frequently
studied morphological variable to date, though more studies are beginning to emerge, in
particular for cortical thickness (as discussed below). Various methods have been employed
to analyse neuroimaging data for GMV/cortical thickness, including manual tracing, and
various statistical/analyses packages such as FreeSurfer
(https://surfer.nmr.mgh.harvard.edu) or Statistical Parametric Mapping (SPM; including the
VBM toolbox; https://www.fil.ion.ucl.ac.uk/spm/). In addition to being less time consuming

than manual tracing, semi-automatic processing streams such as voxel-based morphometry
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(VBM) using SPM or volumetric segmentation of brain structures using the feely available
FreeSurfer (Fishl, 2012), have the added benefit of ensuring higher degrees of
standardisation in analyses methods across studies, thereby improving comparability.
FreeSurfer’s validated processes for segmentation of hippocampal subfields and amygdala
nuclei offer a particular advantage over other methods, as it allows for a much more
nuanced approach to volumetric analyses of these structures (Iglesias et al., 2015; Saygin et
al., 2017). We hence selected FreeSurfer’s analysis stream for both GMV and cortical

thickness analyses in MDD and ELS (Studies 3 and 4, respectively).

1.5.2. Structural brain changes in MDD and ELS

Analogous to affective cognition, similarities in structural brain changes in MDD and
following ELS exposure have begun to emerge. As previously mentioned, MDD has been
consistently associated with reductions in hippocampal volume compared to HC (Bremner
et al., 2000; Campbell et al., 2004; Videbech & Ravnkilde, 2004) and more recent analysis of
hippocampal subfields suggest this may be particularly prominent for the cornu ammonis
and dentate gyrus (Huang et al., 2013; Treadway et al., 2015; Lindqvist et al., 2014; Han et
al., 2016). Interestingly, hippocampal GMV reductions have been similarly reported in ELS
(Calem et al., 2017; Paquola et al., 2016). Few studies have assessed hippocampal GMV in
samples measuring both ELS and MDD. Emerging evidence suggests that hippocampal
volume reductions in MDD patients may be driven, at least partially, by ELS (Colle et al.,
2017; Chaney et al., 2014; Opel et al., 2014; Vythilingam et al., 2002), though a few studies
have failed to replicate this finding (Gerritsen et al., 2015). Furthermore, reduced GMV of
cornu ammonis and DG subfields have been observed in ELS, independent of MDD

diagnosis/symptoms (Aghamohammadi-Sereshki et al., 2021; Teicher et al., 2012), but a few
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contradictory findings have also been reported (Mikolas et al., 2019). Though less frequently
studied than the hippocampus, GMV alterations in other regions, previously associated with
MDD, have also been reported in ELS, including, amongst others, the amygdala (Hamilton et
al., 2008; Pechtel et al., 2014), caudate (Frodl et al., 2017), and orbitofrontal cortex (Lim et

al., 2018; Saleh et al., 2017; Yang et al., 2017).

Other morphological indexes, such as cortical thickness, have also been investigated in MDD
and ELS. Studies in ELS have pointed to widespread cortical thinning of various brain
structures (e.g. Dannlowski et al., 2012; Gold et al., 2016; Bounoua et al., 2020). It should be
noted, however, that studies differed significantly in regard to ELS definition and measures.
This may be particularly problematic given that the effect of cortical thinning may depend
on the type of abuse - for example, thinning of the parahippocampal gryrus, frequently
implicated in ELS, may be driven specifically by childhood sexual abuse (CSA), independent
of other forms of abuse or depressive symptoms (Heim et al., 2013). Interestingly, studies in
MDD have also reported reduced cortical thickness in the parahippocampal gyrus in MDD
compared to HC, however these studies did not measure or control for ELS (Papmeyer et al.,
2015). Meta-analyses of cortical thickness in MDD have yielded heterogenous results,
possibly due to differences in methodology and participants sampled (such as medicated
versus unmedicated MDD; Li et al., 2020; Suh et al., 2019). Furthermore, none of these
studies accounted for ELS. In fact, to our knowledge, only a single study of cortical thickness

in MDD to date has controlled for ELS, though it did not have a HC comparison group with
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ELS, making it difficult to fully analyse relative contributions of MDD versus ELS (Jaworska et

al., 2014).1

Overall, studies of GMV and cortical thickness and ELS have shown considerable overlap in
findings, highlighting the possibility that certain morphological changes may not be solely
attributable to MDD. While few studies have specifically analysed this relationship in
samples measuring both MDD and ELS, emerging evidence suggests that ELS may in fact be
driving several GMV reductions observed in MDD. However, findings to date are sparse and
at times inconsistent, which may be attributable to different definitions and measures of
ELS, differences in MDD samples (e.g. medication status), and differences in neuroimaging
acquisition and analysis techniques. Furthermore, even studies that included measures of
both MDD and ELS frequently lack a HC group with high ELS levels, and as a result analyses
of ELS can only be conducted within MDD. This makes it difficult to disentangle relative
effects of MDD and ELS on brain structure. There is hence a clear need for further studies to
investigate the relative contributions of ELS and MDD on morphological measures such as
GMV and cortical thickness, using carefully designed studies addressing the aforementioned
methodological concerns and including well-matched control groups (in particular inclusion
of a high ELS HC group to match ELS in MDD). This is specifically addressed in Study 3 (GMV)

and Study 4 (cortical thickness).

2. Summary of salient gaps in the literature

1 For more detailed background on GMV and cortical thickness changes in ELS and MDD, please see Study 2
(for a systematic review of GMV in MDD and ELS) and Study 3 (GMV) and Study 4 (cortical thickness).
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Despite ELS being a well-documented risk factor for MDD and in turn being significantly
overrepresented in MDD samples compared to healthy controls (HC), few studies of
cognition and brain structure in depression have measured or controlled for ELS. This is
particularly problematic given the overlap in findings (outlined above and discussed in more
detail in Studies 1-4) in both ELS and MDD, suggesting that potentially some of the widely
reported finings of abnormal affective cognition and brain structure in MDD may be at least
partially explained by ELS. There is increasing awareness that ELS may mediate experimental
variables studied in MDD, and some recent studies that have included measures of both
MDD and ELS have pointed to ELS as a potential driving factor behind some of the changes
previously attributed to MDD (such as reductions in hippocampal GMV; Chaney et al., 2014;
Opel et al., 2014; Vythilingam et al., 2002). Fewer studies of affective cognition have
included measures of both MDD and ELS, though some evidence suggests that certain
components of affective cognition, such as decreased sensitivity to reward, may mediate
the relationship between ELS and later life depression (Guyer et al., 2006; Miu et al., 2017).
Disentangling the effect of ELS and MDD on affective cognition and brain structure has been
further complicated by inconsistent methodologies and key differences in participant
samples (including differing definitions and measures of ELS, lack of standardised or
comprehensive testing of affective cognition, differences in MDD sample characteristics,
such as antidepressant treatment and severity of depression, and a range of different
assessment methods and inclusion criteria for MDD diagnosis/symptoms). Another issue
apparent in the few studies that have included measures of ELS and MDD in the same
investigation, is the frequent lack of a HC group with high ELS exposure, resulting in very
skewed groups in which the HC has little/none ELS exposure, and the MDD group has

significantly higher levels. This once against leads to an issue in which MDD and ELS are
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conflated and independent effects are difficult to assess. Novel studies using a systematic
and comprehensive approach are thus needed to assess the relative contributions of MDD
and ELS on affective cognition and brain structure, in the hope of shedding further light on
the mechanisms underlying the link between ELS and MDD. This is particularly important
given the vast societal and individual cost of both ELS and MDD, and may highlight novel
treatment targets and/or more effectively direct interventions where they may be most

beneficial and effective.

3. Aims

The overarching aim of this PhD was to assess the relative contribution of ELS and MDD on
aspects of affective cognition and neurobiology. The main research question was whether
changes in affective cognition and brain structure previously reported in MDD are

potentially, at least in part, explained by ELS.

To address this research question, we developed two central aims:
1) To comprehensively and systematically assess affective cognition in MDD and ELS

using a standardised and validated test battery of affective cognition (EMOTICOM;
Bland et al., 2016) and reliable measures of ELS (the Childhood Trauma
Questionnaire, CTQ; Bernstein et al., 2003) and MDD (Mini-International
Neuropsychiatric Interview, version 7.0 for DSM 5; MINI; Sheehan et al., 1998) and
widely used validated symptom measures including the Beck Depression Inventory-II
(BDI-1I; Beck et al, 1996), and Hamilton Rating Scale for Depression (HRSD; Hamilton,
1960).

2) To assess the relative impact of ELS and MDD on brain structure. Specifically:
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a. To systematically review the literature of studies of GMV in samples
measuring both depression and ELS to identify whether ELS/MDD may have
independent or interactive effects on GMV, and to identify brain areas of
interest.

b. To investigate whether MDD or ELS (or an interaction of the two) drive GMV
changes identified through the systematic review (and improving on previous
studies’ methodological constraints, such as including high and low ELS
groups for both MDD and HC, to allow for meaningful comparisons and
statistical analyses).

c. To assess effects of ELS and MDD on cortical thickness in key brain areas
implicated in previous studies of ELS/MDD (which have been predominantly
studied in isolation thus far).

Importantly, in all original research studies, we aimed to ensure an even distribution of ELS
in MDD and HC groups, allowing for careful control of ELS as a potential confounding factor
and enable meaningful analyses about individual contributions of ELS and MDD (or identify

potential interactions).

4. Hypotheses

The overarching hypothesis of the PhD, based on previously discussed literature indicating
substantial overlap in affective cognition and neurobiological changes previously largely
attributed to MDD but more recently also highlighted in ELS, was that ELS at least partially
mediates these changes. Specifically, in regard to the aims set out above:

1)
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2)

In general, we hypothesised that different aspects of affective cognition
would be differentially affected by MDD and ELS, with ELS driving some
changes previously attributed to MDD.

More specifically, based on previous literature, we hypothesised that
depression would be associated with negative affective biases while ELS
would be more associated with a threat related (anger/fear) emotion
processing bias.

We predicted that MDD would be characterised by reduced
motivational/reward function, which may be, at least partially, accounted for
by ELS.

We also hypothesised that MDD would demonstrate heightened negative
moral emotions (e.g. shame, guilt, and self-blame), which may be, at least
partially, mediated by ELS.

Specific hypotheses were not made for the remaining three tasks/constructs,
including theory of mind (ToM) and social economic exchange games, due to
inconsistencies in previous literature and limited data in MDD/ELS,

respectively.

Based on previous literature, we hypothesised that ELS partially or fully
drives the reduction of GMV often observed in MDD, in particular in the
hippocampus and its subfields.

We hypothesised that reductions in GMV in the hippocampus and its
subfields (particularly the cornu ammonis and dentate gyrus) would be

partially or fully mediated by childhood sexual abuse (CSA) . We did not have
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any specific a priori predictions pertaining to the amygdala and its nuclei
given the inconsistency of previous findings in MDD and ELS.

c. Based on previous evidence in studies of depression, we hypothesised that
MDD would be associated with increased cortical thickness in the anterior
and posterior cingulate cortices, medial orbitofrontal cortex and insula, and
decreased cortical thickness in the parahippocampal gyrus.

d. We hypothesised that CSA would be associated with widespread cortical
thinning, particularly the parahippocampal gyrus which has been specifically
implicated in CSA.

e. Given the scarcity of studies investigating cortical thickness in samples
measuring both depression and ELS, we had no specific a priori predictions
on possible interactions between CSA and MDD on cortical thickness.
However, given the overlap in findings, we predicted that cortical thinning of
the parahippocampal gryrus may be driven primarily by CSA, independent of

MDD.

5. Overview of thesis

This PhD thesis contains 4 studies designed to address the overarching aim of disentangling
effects of MDD and ELS on affective cognition and brain structure. Studies 1-4 represent the
above mentioned aims (1, 2a, 2b, and 2c), respectively.

This thesis has been arranged in ‘Journal Format’ style, to reflect the individual studies
performed and allow for submission to peer-reviewed publications. The four studies include

one systematic review (Study 2) and three cross-sectional studies (Studies 1, 3, 4) using a

26



variety of research methods and data analyses. More details on individual studies are given

below.

5.1. Studies and rationale

While affective cognition deficits have been documented in both MDD and ELS individually
and have yielded several corresponding results, very few studies have investigated this in
samples measuring both depression and ELS simultaneously. Moreover, to our knowledge,
no study to date has systematically or comprehensively assessed affective cognition in MDD
and ELS within a single balanced design. This is particularly problematic since, as discussed
above, affective cognition is a multifaceted construct and as such cannot be reduced to
single tasks. Study 1 addressed this gap in the literature by employing the EMOTICOM test
battery to assess 11 distinct constructs of affective cognition in MDD versus HC (while
controlling for ELS exposure by ensuring comparable distribution of ELS in both groups).
Additionally, correlations between ELS and experimental measures were examined, both
across participants and within diagnostic groups, to identify affective cognition constructs

that may be particularly sensitive to ELS exposure.

Studies 2-4 aimed to extend the research question from the first study, in which the relative
contribution of ELS and MDD on behavioural measures (specifically affective cognition) was
assessed, to neurobiological measures. These studies address the second main aim of the
PhD pertaining to structural brain changes (GMV and cortical thickness) following ELS and
MDD. In order to inform the research question and analyses of subsequent studies directly
assessing morphological indexes, a systematic review of the existing literature of GMV

changes in samples measuring both ELS and MDD was conducted (Study 2). Results
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emphasised that ELS may drive GMV reductions frequently observed in MDD, particularly of

the hippocampus.

However, studies included in the systematic review were largely limited by low levels of ELS
in the HC group (or ELS wasn’t even measured in the HC to begin with), making it difficult to
draw firm conclusions on the effect of ELS on GMV independent of depression.
Furthermore, studies differed greatly in regard to type of ELS included, and the vast majority
of studies did not conduct any additional analyses on ELS subtypes. This may be particularly
problematic since a systematic review of neuroimaging findings found that specific subtypes
of ELS (including sexual abuse, emotional abuse, and neglect) differentially predicted
structural brain changes (whilst others were common to all ELS subtypes; Cassiers et al.,
2018). Additionally, none of the studies identified through the systematic review restricted
ELS participants according to timing of abuse, or controlled for this in analyses. Emerging
research suggests that neurobiological sequalae of ELS may be particularly deleterious (and
affect specific brain regions) at particular times during development (Cross et al., 2017). For
instance, a study of hippocampal GMV found that childhood sexual abuse (CSA) at ages 3-5
and 11-14 predicted greatest atrophy in the hippocampus, corpus callosum, and frontal
cortex (Andersen et al., 2008), while another study identified ELS at ages 10-11 as a
sensitive period for later-life amygdala GMV abnormalities (Pechtel et al., 2014). Finally,
several studies included in the systematic review did not control for total intracranial
volume (eTIV), meaning potential differences between participants in head size and total
GMV were unaccounted for and could potentially influence results (Maksimovskiy, 2019a;

Maksimovskiy, 2019b).
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We hence wanted to design an experimental study of GMV in MDD and ELS that addressed
these methodological concerns identified by the systematic review and would thereby
enable improved analyses of the relative effects of MDD and ELS. This is done in Study 3,
which uses FreeSurfer (version 7.0) software to analyse hippocampal and amygdala GMV
(including of individual subfields and nuclei) in 75 unmedicated female participants. The
hippocampus was chosen as it had been identified as a primary region in the
aforementioned systematic review (Study 2), and the amygdala was included because this
novel version of FreeSurfer software enabled amygdala nuclei segmentation for the first
time. Given the mixed evidence base on amygdala GMV in MDD and ELS (Hamilton et al.,
2008; Paquola et al., 2016), it was proposed that nuclei segmentation may provide needed
specificity to help clarify these heterogenous findings. To our knowledge, only five previous
studies had analysed hippocampal and/or amygdala subfields in samples including at least
some measure of depression and ELS, and many of these have suffered from the same
methodological limitations previously discussed. Therefore, Study 3 aimed to address the
research question in the most controlled method possible — participants were specifically
recruited for 4 groups, including MDD with and without significant CSA, and HC with and
without significant CSA. In order to address the issue of timing and type of ELS, we limited
inclusion to individuals experiencing significant CSA (though other types of abuse were also
permissible for ecological validity and practical limitations as CSA rarely occurs in a vacuum;
Molnar et al., 2001) during ages 5-14 (previously identified as particularly vulnerable time

periods for later life hippocampal volume; Andersen et al., 2008).

Study 3 served as an extension of the GMV study to analyse effects of MDD and ELS on

another morphological index that has been much less frequently studied in MDD and ELS,
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cortical thickness. FreeSurfer software package was used for processing neuroimaging data
and generating cortical thickness estimates, which has shown good agreement with
histologic measurements (Cardinale et al., 2014). FreeSurfer employs a surface-based
computational paradigm which has shown comparable results to voxel-based methods for
assessing cortical thickness (Clarkson et al., 2011). To date, only a single previous study has
investigated cortical thickness in a sample assessing both MDD and ELS (Jaworska et al.,
2014). However, this study had several methodological limitations (such as an absence of a
HC control group in ELS analyses and lack of correction for multiple comparisons) hindering
clear conclusions about relative contributions of ELS and MDD to cortical thickness to be
drawn. Study 4 used the same sample as Study 3 and hence shared the advantages of a
carefully implemented experimental design with four distinct participant groups
(unmedicated MDD/HC with high/absent ELS), validated measures of both MDD and ELS,
and specifying type (CSA) and timing (ages 5-14) of ELS. This enabled both Studies 3 and 4 to
methodically assess relative contribution of ELS and MDD (and possible interactions) on two
morphological indices (GMV and cortical thickness), using a novel study design aimed to

better address the pertinent research question.

6. Conclusion

There is increasing evidence that both MDD and ELS have shared effects on cognitive and
neurobiological measures, including affective cognition and brain structure. Despite the
documented high prevalence of ELS in MDD and undisputed role of ELS as a key
environmental risk factor for MDD, very few studies in depression have controlled for ELS.
This has made it difficult to disentangle the relative effects of ELS and MDD (and possible

interactions) on affective cognition and morphological measures. This PhD sought to
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address this gap in the literature by designing and implementing highly controlled studies
that allowed for a systematic and comprehensive assessment of affective cognition and

analysis of GMV and cortical thickness in MDD and ELS.
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ABSTRACT

Introduction: Major depressive disorder (MDD) has been consistently associated with
changes in affective cognition, characterised in particular by a negative affective bias in
emotion recognition and categorisation, as well as reduced effort/motivation and reward
sensitivity, as well as changes in social cognition (such as moral emotions). Emerging
research in early life stress (ELS) has highlighted several similarities in changes in affective
cognition. However, since the vast majority of studies have investigated either MDD or ELS
in isolation, it is unclear how their contributions to affective cognition interact. Drawing
conclusions from previous research has been further complicated by lack of a standardised
measure of affective cognition. A large variety of individual tasks have been applied that
measure different components of the multifaceted construct of affective cognition and
consequently hinder comparisons between studies. The aim of the present investigation
was hence to systematically and comprehensively investigate different components of
affective cognition in MDD and ELS within a single study design.

Methods: 52 participants (aged 18 - 62), including 27 healthy controls (HC) and 25
participants with current MDD, completed 11 tasks of the standardised and validated
EMOTICOM test battery comprising emotion processing, motivation and reward, and social
cognition. All participants were screened for major psychiatric disorders using the Mini-
International Neuropsychiatric Interview (MINI) version 7.0 (for DSM 5) and completed the
Childhood Trauma Questionnaire (CTQ) to assess ELS.

Results: Results indicated that specific constructs of affective cognition were affected
primarily by diagnosis (including emotion recognition and categorisation, motivation/effort,
and emotional memory) while others revealed no group differences (MDD versus HC) and
instead appeared more sensitive to ELS (including attentional bias, value-based choice, and
moral emotions). Null results were recorded for the Monetary Incentive Reward (MIR) task,
a measure of reward sensitivity, and three social cognition tasks including social economic
exchange games and theory of mind.

Conclusion: Collectively, the results emphasise that affective cognition as measured by the
EMOTICOM test battery, is comprised of multiple, distinct constructs, that appear to be
differentially affected by MDD and ELS. The study highlights the importance of measuring
and controlling for ELS in studies of depression and affective cognition to avoid
misattribution of findings (given the high prevalence of ELS in MDD). This study was limited
in sample size and consequently underpowered, and hence did not correct for multiple
comparisons — results should hence be interpreted cautiously, and future studies are
needed to replicate findings.
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1. Introduction

1.1. Affective ‘Hot’ and Non-affective ‘Cold’ Cognition

Cognition may be divided into two general constructs - ‘hot’ (emotion-laden or affective)
and ‘cold’ (emotion-independent or non-affective) cognition (Roiser et al., 2009; Roiser &
Sahakian, 2013). While depression has been associated with deficits in cold cognition,
including executive functioning, memory, and attention (Keefe and Harvey, 2012; Rock et
al., 2014), research has indicated that specific deficits in affective cognition may not only
lead to development of psychopathology and maintenance of symptoms, but also predict
functional outcomes (Couture et al., 2006; Insel et al., 2010; Roiser et al., 2012; Sanislow et
al., 2010). Changes in affective cognition in depression are various, including mood-
congruent processing biases and deficits in motivation, reward and punishment
processing/learning (Roiser & Sahakian, 2013). Importantly, several affective cognition
changes observed in major depressive disorder (MDD) have been similarly reported in
individuals with a history of significant early life stress (ELS; Elliott et al., 2011; Pechtel &
Pizzagalli, 2011). Despite the greater than 2-fold increase of ELS in MDD as compared to the
general population (estimated as up to 62.5% of MDD patients with significant levels of ELS),
the majority of studies of cognition in MDD have not measured or controlled for ELS in
statistical analyses. It is hence unclear whether ELS may contribute to changes in affective

cognition observed in MDD.

1.2. Measuring affective cognition
A multitude of behavioural tests have been applied to investigate affective cognition, and
this lack of standardisation across studies complicates drawing conclusions about changes

observed in various psychiatric disorders, including MDD (Elliott et al., 2011). In order to
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comprehensively assess affective cognition in MDD and ELS, this study applied a recently
developed and validated test battery for affective cognition (EMOTICOM; Bland et al.,
2016). While the original test battery incorporates 17 tasks spanning 4 proposed main
domains of affective cognition, including emotional processing, motivation, social cognition,
and impulsivity, the present study excluded the final category to make testing duration
more feasible in a clinical population. The decision to eliminate impulsivity related tasks was
based on both practical limitations (recommendations by the original task developers based
on need for modifications to improve some of the tasks in this domain; Dam et al., 2019)
and literature suggesting a complex picture of impulsivity in MDD, which may be mediated
by comorbid anxiety (Bellani et al., 2012; Del Carlo et al., 2012) and dependent on age
(Moustafa et al., 2017). However, a recently published systematic review has highlighted
higher levels of impulsivity in MDD relative to healthy controls (HC; Fields et al., 2021), and
hence future studies may consider including this domain in the analysis of affective

cognition.

1.3. Affective cognition in MDD and ELS

1.3.1. Emotion processing domain

Studies have found effects of both ELS and MDD on emotion processing. The EMOTICOM
test battery includes 4 tasks in the emotion processing domain, measuring diverse
constructs including emotion recognition/categorisation, attentional bias, and emotional

memory (see Table 1 for a detailed list of tasks and constructs measured).

Previous studies in patients with depression have demonstrated a negative (mood-

congruent) processing bias in which participants are either quicker, more accurate, or both,
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in responding to negative stimuli than positive or neutral stimuli, in contrast to healthy
control participants who show the opposite pattern of responding with a bias towards
positive stimuli (Erickson et al., 2005; Murphy et al., 1999). Similarly, MDD patients show
reduced accuracy in identifying positive facial expressions than healthy controls, an effect
that is reversed in patients following antidepressant drug administration (Harmer et al.,
2009). Furthermore, depressed patients have demonstrated a negative processing bias in
the interpretation of neutral facial expressions - they are significantly more likely to
interpret neural facial expression as sad than HC (Gollan et al., 2008). Fewer studies have
investigated emotion processing in ELS, but studies in children exposed to ELS have
indicated abnormal emotional processing and categorisation of facial expressions, with a
heightened propensity to identify potential threats in the form of angry facial expressions
(Pollak and Kistler, 2002) and a heightened neural response to negative facial expressions
(particularly anger) compared to happy facial expressions (Pollak et al., 2000; Pollak et al.,

2001).

Research has highlighted that depression may not merely be associated with general
memory impairment but in fact show a negative memory bias, in which memory for
negative stimuli is enhanced compared to healthy controls (Bradley et al., 1995; Hamilton &
Gotlib, 2008; Ridout et al., 2003; Watkins et al., 1992). Furthermore, while healthy
individuals exhibit a relative better memory for positive than negative or neutral material,
this effect has been found to be reduced/absent in those with MDD (Gotlib et al., 2004;
Hamilton & Gotlib, 2008). Deficits in recall of positive memories may in fact be even more
pronounced and reliable than evidence of mood-congruent memory bias (improved

accuracy for recall of negative stimuli) in MDD (Burt et al., 1995).
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Some studies have suggested that memory impairments in depression, including enhanced
memory for negative material and diminished memory for positive stimuli may be caused by
biological sequelae of chronic stress (Dillon & Pizzagalli, 2018). It is hence possible that ELS
may play a crucial role in the development of an affective bias in memory in MDD.
Unfortunately, to date, no studies, to the authors knowledge, have investigated memory
biases in depression while controlling for ELS. Several studies point to general memory
impairments in ELS (Majer et al., 2010; Pizzagalli & Pechtel, 2010), however, these studies
have used measures of non-affective memory, making it impossible to assess possible

affective memory biases.

1.3.2. Motivation and reward

Deficits in motivation and reward have been consistently implicated in MDD, and emerging
research in ELS has identified similar deficits. Three tasks in the EMOTICOM battery fall into
this domain, measuring specific constructs of reward/punishment sensitivity, incentive
motivation and value-based choice (see Table 1 for a detailed list of tasks on corresponding

constructs measured).

Anhedonia (characterised by both anticipatory/decisional anhedonia, decreased motivation
for obtaining rewards, and consummatory anhedonia, decreased pleasure from reward) is
one of the core diagnostic features of MDD (American Psychiatric Association, 1994).
Decreased motivation for rewards has been observed extensively in behavioural studies in
MDD, often using the Effort- Expenditure for Rewards Task (EEfRT; Treadway et al., 2009) in

which participants decide whether to complete the ‘easy task’ (fewer button presses using
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finger of the dominant hand for a smaller monetary reward) versus the ‘hard task’
(significantly more button presses using the finger of the non-dominant hand for a larger
monetary reward). Studies using the EEfRT have demonstrated lower motivation (less
willingness to expend effort to receive monetary reward) in individuals with MDD and those
with subclinical depressive symptoms compared to healthy controls (Treadway et al., 2012;
Yang et al., 2014). Evidence suggests that anticipatory anhedonia may be related to

abnormalities in dopamine circuitry in depressed individuals (Treadway & Zald, 2013).

The Progressive Ratio Task (PRT) used in the EMOTICOM battery is a behavioural task that
has been extensively applied to measure motivation to obtain a reward in both the animal
literature and human studies. A simple task is performed to obtain reward, which gets
progressively longer/harder (more trials needed to obtain reward) and progressively less
highly rewarded (the monetary value of reward decreases with increasing trials). Motivation
is typically measured as the ‘breakpoint’ — the number of trials participants complete before
choosing to quit the task. The PRT has been successfully used to assess motivation for
reward in a variety of clinical samples, ranging from gastric bypass surgery patients (Miras et
al., 2012) to substance abuse (Stoops, 2008). Furthermore, studies have reported positive
correlations between self-reported motivation and diligence and higher breakpoints on the
PRT (Dam et al., 2019). However, applications of the PRT in depression research have been
limited to date. The few existing studies appear to suggest lower breakpoints in individuals
with depression that may be reversed following successful treatment. One study
demonstrated increased breakpoints in depressed patients who showed improvements
following antidepressant treatment while no change in breakpoints was observed for

patients showing no improvements (Hughes et al., 1985). However, this study did not have a
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control group and was limited by very small sample size (N=6). More recently, a study
observed significantly lower breakpoints on a progressive ratio task in both unipolar and
bipolar depression, relative to healthy controls (Hershenberg et al., 2016). In regard to ELS,
studies on motivation and effort are limited to date. Several studies point to decreased
sensitivity to reward in individuals with ELS which may even mediate the relationship

between ELS and depressive symptoms (Guyer et al., 2006; Miu et al., 2017).

Value-based choice and risk adjustment in the EMOTICOM battery is assessed using the
adapted Cambridge Gambling Task (CGT). Relative to healthy controls, individuals with MDD
have been shown to be risk-averse in decision-making and show a heightened tendency to
employ a conservative/risk-averse strategy even when the probability of winning a reward is
high (Murphy et al., 2001), a pattern that has also been observed in healthy young adults
with a first degree relative of MDD (Mannie et al., 2015). Studies in ELS have been limited to
date — in a study of children (aged 8-14), those with ELS were found to be quicker to select
high risk options compared to healthy controls, while children with both ELS and depressive
disorders were more risk averse than healthy controls (Guyer et al., 2006). Interestingly, a
study using two different types of monetary decision-making tasks (with varying
probabilities of win/loss), found that ELS was the single biggest predictor of loss aversion in
MDD patients (Huh et al., 20166), though it should be noted that no HC comparison group

was studied, and as such these findings were limited to depressed patients.

The Monetary Incentive Reward (MIR) task employed in the EMOTICOM test battery is a
frequently used measure of reward anticipation and sensitivity, which has been implicated

in both ELS and MDD. Both behavioural and neuroimaging studies have shown dysfunctional
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reinforcement anticipation and response in MDD (Murphy et al., 2003; Pizzagalli et al.,
2008). While studies using the MIR tasks in MDD have often failed to identify any effects of
diagnosis on behavioural outcome measures, functional magnetic resonance imaging (fMRI)
studies have documented reduced activation in neural areas associated with reward in MDD
relative to HC (Knutson et al., 2008; Pizzagalli et al., 2009). In regard to ELS, animal literature
has demonstrated decreased anticipation for reward in rats following early maternal
separation (Mathews & Robbins, 2003) and parental deprivation in marmoset monkeys
(Pryce et al., 2004). Studies in humans suggest that timing of ELS may play a crucial role —
while ELS during younger childhood appears to lead to decreased reward responsiveness
and approach motivation, ELS occurring during later childhood (teenage years) may show
the opposite pattern (Novick et al., 2018). This may be attributable to different stages of
brain development for different brain regions, which evidence suggest may be sensitive to
ELS during times of peak maturation (Andersen et al., 2008). Decreased responsiveness to
reward anticipation in ELS has also been documented in corresponding neural pathways, as
seen in fMRI studies of the MIR task which revealed decreased activity of structures of the
basal ganglia during reward anticipation in ELS (decreased sensitivity to anticipation of
reward; Boecker et al., 2014; Dillon et al., 2009; Mehta et al., 2010). However, it should be
noted that these studies did not control for depression — moreover, self-reported
depressive symptoms and anhedonia were heightened in ELS subjects relative to healthy
controls in one study, which may also contribute to decreased reward sensitivity (Dillon et

al., 2009).

1.3.3. Social cognition
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The EMOTICOM test battery allows for a detailed assessment of moral emotions (using a
novel task with cartoon scenarios), theory of mind (correctly identifying the mental states of
other people; Frith & Frith, 2003) and social decision-making (using economic games
including the Ultimatum Game and Prisoners’ Dilemma; Bland et al., 2016). Moral emotions
are responses to moral norms and shape humans’ unique moral thoughts and behaviours
(Tangney et al., 2007). Haidt (2003) argues that moral emotions are comprised of other-
condemning emotions (including contempt and disgust), self-conscious emotions (including
shame and guilt), other-suffering emotions (compassion) and other-praising emotions such
as gratitude. Depression has been associated with abnormal processing of moral emotions
such as guilt and shame, the latter of which may be particularly maladaptive in the
maintenance of the disorder (Orth et al., 2006; Tangney et al., 1992). While studies of moral
emotions in ELS are sparse to date, there is growing evidence that self-blame may play a
critical role in mediating the relationship between ELS and later life psychiatric disorders
including PTSD (Sharma-Patel & Brown, 2016) and depression (Dorresteijn et al., 2019).
Furthermore, mirroring findings in MDD, ELS appears to be associated with heightened
levels of shame and guilt which in turn are linked with increased depressive symptoms

(Sekowski et al., 2020).

In regard to theory of mind (ToM), results in MDD are mixed and likely depend on the
nature of the task purportedly measuring ToM (Wolkenstein et al., 2011). Studies in ELS
suggest that ToM may be impaired, in particular in those with parental physical abuse
(Germine et al., 2015). Some evidence suggests that ELS may be the driving factor of ToM
impairments observed in MDD (in particular via emotional and physical neglect; Simon et

al., 2019). However, the majority of cited studies employed the Reading the Mind in the
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Eyes Test (RMET) task of ToM in which participants are asked to infer emotional states
based solely on pictures of eyes. Some have argued that the RMET is less an assessment of
the ability to infer the mental states of others and rather resembles a more basic emotion
identification and classification task, which has been supported by research from autism
spectrum disorder and alexithymia (Oakley et al., 2016). As such, more studies are needed
in both MDD and ELS that employ alternative measures of ToM using more suitable tasks.
The Social Information Preference Test in the EMOTICOM test battery aims to do so, by
using cartoons of social scenarios and asking participants to choose information (thoughts,
facial expressions, or facts) to help them make judgments about others’ mental states in the

cartoon (Bland et al., 2016).

The Ultimatum Game (UG) and Prisoners’ Dilemma (PD) are social economic exchange
games that assess sensitivity to fairness and cooperation with an opponent, respectively.
While frequently studied in the field of economic decision-making in healthy controls, these
games have rarely been assessed in depression to date. One study found that depressed
individuals had a more aversive emotional reaction to unfair offers in the ultimatum game
but were nevertheless less likely to reject these offers than healthy control participants
(Harlé et al., 2010). Similarly, another study found higher levels of guilt in depressed
compared to healthy individuals in response to receiving unfair offers in the ultimatum
game (Pulcu et al., 2014). Interestingly, the opposite pattern was observed in healthy
individuals who underwent a negative mood induction (by watching a sad movie clip) who
subsequently had significantly lower acceptance rate to unfair offers (while a positive mood

induction had no significant effects; Harlé & Sanfey, 2007). To the authors’ knowledge,
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neither UG nor PD style social economic exchange games have been studies in the context

of ELS.

1.4. Study aims and hypotheses

While affective cognition in MDD has been extensively studied, previous research has not
taken into account the potential confounding factor of ELS. The research reviewed above
indicates that several constructs of affective cognition purportedly affected by depression
may be similarly implicated in ELS. It is hence possible that ELS may be at least partially
moderating effects of depression on affective cognition. However, since studies to date
have tended to assess effects of ELS or MDD on affective cognition in isolation and using
different tasks that may measure slightly different and hence not comparable constructs, it

is not yet possible to disentangle individual effects. The aim of this study hence was twofold:

1. To systematically assess affective cognition using a standardised, validated test
battery (EMOTICOM) in MDD while controlling for ELS (by matching MDD and HC
groups for ELS exposure)

2. To assess the effect of ELS on affective cognition by examining correlations between
CTQ scores (including subscales of different types of abuse and neglect) and affective

cognition outcome variables, both across participants and within each diagnostic

group.

Given the lack of previous studies simultaneously assessing MDD and ELS in affective
cognition, we did not have specific hypotheses about the exact nature of MDD versus ELS

contributions for individual EMOTICOM tasks. In line with previous literature, we expected
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that MDD would be associated with negative biases during emotion processing and
impaired motivational/reward function, though some of these findings may be, at least
partially, accounted for by ELS. We expected ELS to be more sensitive to emotion processing
biases toward threat related stimuli, such as angry and fearful faces. While previous
literature on social cognition in MDD/ELS is sparser, we hypothesised that MDD/ELS would
be associated with changes in moral emotions, in particular heightened feelings of
guilt/shame and self-blame. Due to the inconsistent nature of previous studies for ToM and
extremely limited data on social economic exchange games in MDD (and no studies to date
in ELS), we had no specific a priori hypotheses for these three tasks in the social cognition

domain.

2. Methods

2.1. Ethical approval, recruitment, testing location

The present investigation received ethical approval from both the University of Manchester
Research Ethics Committee (2017-0370-2542) and the North West Research Ethics
Committee (18/NW/0071). Participants were recruited from the community via posters,
social media, research participant recruiting platforms, and University of Manchester staff
and student email circulations. Specific advertisements for individuals with ELS were
included to aim to recruit high ELS participants for both the MDD and HC groups. Interested
individuals completed an online pre-screening tool to ascertain eligibility and were
subsequently phone-screened if deemed likely to be eligible. All study sessions took place at

the University of Manchester in designated behavioural testing rooms.

2.2. Participants

53



A total of 507 participants completed the online screening form, of whom approximately
25% were further assessed for eligibility via a brief phone screen. 60 participants came in for
the first study session and provided informed consent, of whom 8 were ineligible (due to
subthreshold major depressive episode (MDE), N= 3, current alcohol/substance abuse
(N=3), and current anorexia nervosa (N=1)) and discontinued the study following the clinical
interview. The remaining 52 participants (aged 18 - 62) completed the full study and all
experimental measures. Participant groups (MDD versus HC) did not significantly differ on
demographic factors, including age, gender, ethnicity, education, native English speakers, or

current smokers (see Table 3 for detailed results).

2.2.1. Inclusion/exclusion criteria

Inclusion criteria for all participant included age 18-65, capable of giving written informed
consent, and English fluency. Exclusion criteria for all participants included history or
presence of medical condition requiring centrally acting medications, history or presence of
neurological disease (including but not limited to, stroke, epilepsy, space occupying lesions,
multiple sclerosis, Parkinson's disease, vascular dementia, transient ischemic attack, that
may influence the outcome of any cognitive testing), clinically significant head injury (e.g.,
requiring medical or surgical intervention), neuroendocrine disorder, including impaired
thyroid function and steroid use, unwillingness or inability to follow the procedures outlined
in the protocol, and female participants who are, or may be, pregnant. Further eligibility
criteria for HC participants included no first degree relative (FDR) diagnoses with MDD or
schizophrenia, no psychiatric illness (past or present). Additional inclusion criteria for the
MDD group included meeting DSM-5 diagnostic criteria for current MDD and absence of any

psychotropic medications for at least 2 weeks (6 weeks for fluoxetine; 6 months for

54



neuroleptics; 2 weeks for benzodiazepines; 2 weeks for any other antidepressants). While
some comorbid diagnoses were not excluded in MDD participants (due to the high level of
psychiatric comorbidity in MDD; Thaipisuttikul et al., 2014) exclusion criteria included
meeting criteria for current or past (moderate or severe) alcohol or substance use, current
or past psychotic disorder or manic/hypomanic episode, current bulimia nervosa or binge-
eating disorder, current or past anorexia, and primary? diagnoses of current or past panic
disorder, agoraphobia, social anxiety disorder, obsessive-compulsive disorder,
posttraumatic stress disorder, bulimia nervosa or binge-eating disorder. The Mini-
International Neuropsychiatric Interview (MINI; Sheehan et al., 1998) version 7.0 (for DSM

5) was used to screen all participants for major psychiatric disorders.

2.3. Procedures

Signed and dated consent sheets were obtained from each participant at the start of the
first study session. Participants were then screened for eligibility using the MINI and, if
eligible, continued with questionnaires and EMOTICOM tasks. All participants completed the
study over two sessions to reduce fatigue from cognitive testing. Tasks order was
randomised, with exception of the Emotional Memory Recognition task which was always
performed at the start and end of the first session to ensure a 1-hour interval between
encoding and retrieval. Participants were closely monitored for mood changes using a mood
rating form before and after each study session to ensure participant well-being. The first
study session took approximately 2- 3 hours (depending on length of the clinical interview),

and the second study session lasted approximately 1.5 - 2 hours.

2 These diagnoses were not exclusionary if secondary to MDD diagnosis (i.e., MDD was the primary
diagnosis)
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2.4. Measures

2.4.1. MDD and ELS

MDD was assessed using the MINI interview (Sheehan et al., 1998), Beck Depression
Inventory-Il (BDI-1I; Beck et al., 1996) and the Hamilton Rating Scale for Depression (HRSD;
Hamilton, 1960). ELS was assessed using the short form of the Childhood Trauma
Questionnaire (CTQ; Bernstein et al., 2003), a 28-item self-report questionnaire of 5 types of
ELS experienced before age 18: emotional abuse (EA), physical abuse (PA), sexual abuse

(SA), emotional neglect (EN), and physical neglect (PN).

2.4.2. EMOTICOM test battery

11 tasks form the original EMOTICOM test battery were selected, representing 3 of the 4
domains included in the original study (Emotion Processing, Motivation and Reward, and
Social Cognition; Bland et al., 2016). See Table 1 for a list of each task, constructs assessed,
and duration. The Emotional Memory Recognition Task was the only task altered from the
original study (upon recommendation from the task developers) since it had been
associated with high ceiling effects in 200 healthy controls. To increase difficulty of the task,
rather than being asked to identify images seen at an earlier encoding stage (1 hour
previously) relative to novel images, participants were asked to identify the original image

from the mirror image.

One of the advantages of the EMOTICOM test battery is the nuanced outcomes for each
task, allowing researchers to investigate specific research questions. For purposes of this
paper, and to reduce the number of multiple comparisons, outcome variables were

significantly reduced and mirrored those selected by the original publication (Bland et al.,
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2016) and/or more recent Danish validation study (Dam et al., 2019). Some adjustments

were made based on recommendations from these papers (such as using reaction time (RT),

rather than d-prime for the Face Affective Go/ No-Go Task, since RT is less vulnerable to the

ceiling effects observed in the task; Dam et al., 2019). Outcome variables for each task are

given in Table 2. Detailed descriptions of each task and calculation of outcome variables is

described below.

Affective Name of Task Main construct measured | Time to complete
cognition (approximate)
domain
Emotional Recognition Emotion 12 minutes
Task (ERT) recognition/categorisation
Emotional Intensity Emotion recognition 5 minutes
Morphing Task
Emotion
Processing Face Affective Go No-Go Attentional bias 6 minutes
(FAGN) Task (information processing
bias)
Emotional Memory Emotional memory 10 minutes
Recognition Task
Monetary Incentive Reward/punishment 10 minutes
Reward (MIR) Task sensitivity and incentive
motivation
. Progressive Ratio Task Incentive motivation / 20 minutes
Motivation and (PRT) offort
Reward
Adapted Cambridge Value-based choice 10 minutes
Gambling Task (CGT)
Moral Emotions Task Moral emotion 13 minutes
Social Information Theory of mind 10 minutes
Preference Test
Social Cognition
Prisoners’ Dilemma (PD) Social economic exchange | 10 minutes
game
Ultimatum Game (UG) Social economic exchange | 12 minutes
game
Total time 118 minutes
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Table 1. EMOTICOM tasks and duration.

2.4.2.1. Emotional Recognition Task (ERT)

The ERT measures emotion recognition/categorisation. In this task, participants are shown a
series of emotional faces, varying from low intensity (1 — neutral) to high intensity (10 —
maximum intensity), that flash on the screen briefly after which they are asked to identify
the emotion (happiness, sadness, fear, or anger). Participants complete 4 practice trials
(disregarded in analyses) and are then shown a total of 80 faces in randomised order (each
level of intensity for each emotion is shown twice). There is also a short (16 trial) control
block (also disregarded in analyses) in which participants are asked to judge the age of the
face shown (child, young adult, middle aged, elderly). A touchscreen is used for participants
to make their selection (from the four choices) after each face is displayed.

The mean accuracy (%) for each emotion was calculated. Additionally, an affective bias

score was calculated (mean accuracy for happy faces minus mean accuracy for sad faces).

2.4.2.2. Emotional Intensity Morphing Task

The Emotional Intensity Morphing Task is a measure of emotion recognition in which
participants are asked to judge at which level of intensity they can either detect or no longer
detect a given (pre-specified) facial expression of emotion. Both the increase condition
(neutral to high intensity) and decrease condition (high intensity to neutral) consist of the
same 15 levels of intensity for each of 5 emotions: happiness, sadness, anger, fear, and
disgust. Half of the trials consist of female faces; the other half consist of male faces. A
practice block is administered at the start of the task using the emotion surprise. Prior to

each trial, participants are informed whether to press space when they SEE the emotion
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(increase condition) or NO LONGER see the emotion (decrease condition). For each trial,
participants are told in advance which emotion they will be asked to detect.

The average detection point (level at which participants either detected or no longer
detected a given emotion) was calculated separately for increasing and decreasing
conditions for each emotion. Disgust was excluded to decrease number of outcome
variables and multiple comparisons, as it has not been as frequently studied in MDD/ELS
and hence was less central to our research question and aims.

Variables of interest were limited to increasing trials, while decreasing trials served as a
control measure for impulsive responding (l.e. to ensure participants did not merely

impulsively/quickly press space on all trials, regardless of emotion/condition).

2.4.2.3. Face Affective Go No-Go (FAGN) Task

The FAGN Task measures attentional bias/ information processing bias of emotional faces
(happy, sad, and neutral). On each trial, participants are told a target emotion to which to
respond (by pressing the space bar). Participants then see a series of faces briefly flash up
on the screen and are asked to press the spacebar only in response to the target emotion,
and refrain from button presses for the distractor faces. The task consists of 6 blocks of 20
trials each (120 total trials) consisting of six different conditions: (1) happy targets with
neutral distractors, (2) happy targets with sad distractors, (3) neutral targets with happy
distractors, (4) neutral targets with sad distractors, (5) sad targets with happy distractors,
and (6) sad targets with neutral distractors.

Mean reaction times (RT) of correct responses (hit rate) were calculated for each condition.
The variable of interest was an affective bias score, calculated by subtracting the mean RT

for sad target/happy distractor from mean RT for happy target/sad distractor. By computing

59



this affective bias score, individual differences in RT are taken into account and hence do

not unduly affect possible group differences/correlations with CTQ.

2.4.2.4. Emotional Memory Recognition Task

This task measures emotional memory. Participants are shown 30 images during the
encoding stage (10 each for positive, neutral, and negative). Participants are then asked
how positive/negative the image made them feel and the intensity of this feeling. One hour
later (after completing a series of other EMOTICOM tasks in the meantime), participants
complete the recall portion of the task, in which they are shown all 30 images again next to
the exact mirror image of the original presentation, and asked to identify the version
previously seen during the encoding stage. See Appendix, Figure 1, for an example of an
image and its mirror image counterpart used in the task.

The mean retrieval accuracy score (% of images correctly identified) was calculated for each
valence (positive, negative, and neutral), in addition to an overall retrieval accuracy score

(all three conditions combined).

2.4.2.5. Monetary Incentive Reward (MIR) Task

This task is a measure of reward/punishment sensitivity. Participants are shown two circles
with either green or red coloured lines, indicating whether the following trial is a win or loss
trial (association of colour and condition are randomised throughout blocks and
participants). The spacing of the two lines in the circle further indicate the size of the
loss/gain (whether participants will lose or gain smaller/larger amounts of money). On all
trials, regardless of condition, participants are asked to respond as quickly as possible (by

pressing the spacebar) when a black square appears in the centre of the screen. The quicker
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the response, the more money is won/ less money is lost (this remains constant for the
entire task). There are five different conditions: (1) high win, (2) low win, (3) neutral (no
win/loss), (4) high loss, and (5) low loss. Participants initially complete a 30-trial neutral
practice block (disregarded in final analyses), followed by 2 blocks of 50 trials each of the
above 5 conditions (in randomised order).

To account for individual differences in reaction time (RT), a standardised RT was calculated
for both win and loss conditions by subtracting RT from the neutral condition. Hence two
outcome variables were used in subsequent analyses: (1) mean RT win minus mean RT

neutral and (2) mean RT loss minus mean RT neutral.

2.4.2.6. Progressive Ratio Task (PRT)

The PRT assesses motivation/effort to attain reward. There are three blocks with
progressively decreasing reward value (£1, 20p, and 4p). In each trial participants are
presented with four red squares and asked to select the odd one out (one square is visibly
different in size from the other three) and then press continue to complete the next trial.
Initially, it takes 4 completed trials to receive reward, this subsequently doubles after each
received reward (to 8, 16, 32, 64 etc.). Participants complete a total of 436 trials which take
approximately 20 minutes to fully complete. If fully completed, participants receive 4
rewards of £1, 5 of 20p, and 6 of 4p. At any time participants can quit the task by pressing
the quit button in the centre of the screen, however, they are told prior to the task that
they will then be required to sit and wait for the remainder of the task (and cannot use their
phones). If a participant quits, a screen appears with a timer showing the countdown of how

long they must wait (until 20 minutes of task time has been reached).

61



The total number of trials completed signifies the breakpoint (i.e. after how many trials the
participant decided to quit the task). Since only 6 participants (11.54%) quit the task prior to
completion, breakpoints could not be calculated for the vast majority (88.46%) of

participants who completed all trials of the PRT.

2.4.2.7. Adapted Cambridge Gambling Task (CGT)

The adapted CGT task is designed to assess risk-taking and decision making in both a loss
and reward condition (importantly, unlike reinforcement learning tasks, the CGT task is void
of a learning component). On each trial, participants are shown a roulette wheel (pie)
shaded in different proportions of orange and purple. The participants are then asked to
place a monetary bet on the outcome they predict (which of the two colours they believe
the roulette spinner will land). Participants begin each block (loss/win) with 10 poker chips
worth 5 points (5p), 10 worth 10 points (10p) and 10 worth 20 points (20p) - hence
participants start with £3.5. At each trial (one spin per trial) participants are asked to place
any 2 chips. Hence the minimum possible bet is 10 points (£0.1) and the maximum possible
bet is 20 points (£0.4). In the win condition, bets are doubled for correct selection of the
outcome and retained for wrong outcomes. In the loss condition, bets are lost if the
selection is incorrect, and bets are retained for correct predictions. There are 5 different
levels of probability (wheel proportions), ranging from 50% to 90% (unlikely to likely).
Participants complete two practice trails (with different pie colours) prior to commencing
the main task. Each block (win/loss) consists of 14 trials consisting of 2*50%, 4*60, 4 * 70%,

2*80%, and 2x90% probabilities.
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The average bet placed for each of the five-wheel probabilities was calculated for both win
and loss blocks. This was then used to calculate the risk adjustment (RA) score (for both win
and loss blocks separately) using the following formula previously implemented by the
creators of the EMOTICOM task (Bland et al., 2016) and subsequent studies (Dam et al.,
2019; Savulich et al., 2021):

Risk adjustment (RA) = (((2* 90% bet) + (1* 80% bet) + (0* 70% bet)) — ((1* 60% bet) +
(2*50% bet))) / Average bet

RA is a measure of adjustment of the bet placed depending on probability of reward/loss. A
higher score (for both win and loss conditions) signifies better choices (more sensible and

proportionate to wheel probability).

2.4.2.8. Moral Emotions Task

The Moral Emotion Task assesses the effect of intent (deliberate or accidental harm) upon
moral judgments. Participants are shown 28 cartoons (in randomised order) depicting moral
scenarios and are asked to try and identify with the person in the cartoon (victim or agent)
and imagine how they would feel in that situation. The task has four conditions
(victim/agent with intent/no intent) and participants are shown 7 different cartoons for
each of these 4 conditions. Half of the cartoons depict deliberate harm while the other half
depict accidental harm. After reading the cartoon, participants are shown which character
(the agent or the victim) they are asked to identify with. They are then asked to rate their
emotion in this hypothetical scenario on a 7-point Likert scale ranging from ‘not at all’ to
‘extremely’ for the emotions of guilt, shame and annoyance, as well as another 7-point
Likert scale ranging from ‘bad’ to ‘good’. Following recommendations from the recent

Danish validation study of EMOTICOM, ratings of ‘annoyance’ were disregarded as it
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appeared this question was ambiguously and differentially interpreted across participants
(Dam et al., 2019). Please see Appendix, Figure 2, for an example of a cartoon (victim
intentional).

Outcome variables included in statistical analyses were mean ratings for agent and victim
for shame, guilt, and bad/good. To reduce number of multiple comparisons, no additional

analyses were conducted separating intent.

2.4.2.9. Social Information Preference Test

This task is a measure of Theory of Mind (ToM) which assesses participants choice of
information source to decipher socially ambiguous situations. Participants are shown 18
different cartoons with 9 pieces of information hidden from view (3 facts, 3 faces, and 3
thoughts). Participants are then able to reveal 4 out of these 9 pieces of information to help
decipher the scene (they are subsequently asked to choose one of 4 descriptions of what
they believe is occurring in the cartoon).

The proportion (%) of selected faces, thoughts, and facts was calculated for each

participant.

2.4.2.10. Prisoners’ Dilemma (PD)

This task is a social economic exchange game involving interaction with different
computerised opponents to assess social interaction. At the beginning of each trial,
participants press the space bar as quickly as possible to fill a jar with coins. They then are
shown how their opponent did at the same task and the sum of the two amounts is
presented as the total money pot for that trial. Unbeknownst to the participant, this is pre-

determined by the task design such that in a third of trials the participant contributes more
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to the money pot, a third they contribute equally, and in a third the opponent contributes
more. Participants are then asked to either split or steal the total sum, after which they see
their opponent’s choice (steal/split) and the outcome (amount of money, if any, received).
Participants are informed of the rules prior to the task: if both players choose to split the
sum, they both receive half; if one player chooses to split and the other chooses to steal, the
player who selected steal receives the full sum; if both players decide to steal, neither
receives any money. There are 27 total trials, through which participants play 3 different
kind of opponents (9 trials) each: aggressive (begins with a steal, then mirrors participants
choice), tit for two tats (begins with split, then changes choice after 2 consecutive steals by
the participant), and cooperative (always splits).

The outcome variables selected for analyses was the proportion (%) of trials the participant

chose to steal (across opponent type).

2.4.2.11. Ultimatum Game (UG)

This task is a social economic exchange game involving interaction with different
computerised opponents to assess sensitivity to fairness. At the start of each trial,
participants are asked to select 3 of 9 yellow balls which may be uncovered to be red or
black — each black ball is worth £3, red balls are worth nothing. The computerised opponent
then completes the same task, and the wins are combined as a shared pot. Similar to the
PD, the task is pre-determined such that for a third of trials the participant contributes more
money, for a third the opponent contributes more, and for a third they contribute equally.
In 70% of trials the opponent makes the offer, for the other 30% the participant decides the
offer. There are 7 levels of offers, ranging from fair (50/50 split) to increasingly unfair (10/90

split). The player not making the offer then gets to decide whether to accept or reject the

65



offer. Participants are informed at the beginning of the task that if they accept the offer

they get to keep whatever amount was offered to them (and the opponent keeps their

share), while if they reject the offer, neither player receives any money. Participants

complete 51 trials, including 36 trials in which the opponent makes the offer, and 15 trials in

which the participant makes the offer.

The proportion (%) of offers accepted by the participant was calculated as the variable of

interest.

Task

Variables of Interest Included in Analyses

Emotional Recognition
Task (ERT - face)

Mean accuracy (%) for happy, sad, and fearful faces
Affective bias score (accuracy of happy minus sad)

Emotional Intensity
Morphing Task

Mean level of detection (range 1-15) for happy, sad, angry, and
fearful faces. Variables of interest were confined to increasing
trials, while decreasing trials were used as a control for impulsive
responding.

Affective bias score (mean level of detection for happy minus sad)

Face Affective Go No-
Go (FAGN) Task

Affective bias score (RT happy target with sad distractor minus RT
sad target with happy distractor)

Emotional Memory
Recognition Task

Retrieval accuracy (%) for negative, positive, and neutral pictures
Overall retrieval accuracy (%)

Monetary Incentive
Reward (MIR) Task

Mean RT win minus neutral
Mean RT loss minus neutral

Progressive Ratio Task
(PRT)

Breakpoint (number of trials completed before quitting task)

Adapted Cambridge
Gambling Task (CGT)

Risk adjustment (RA) win and loss

Moral Emotions Task

Ratings for agent and victim perspectives for shame, guilt and
bad/good

Social Information
Preference Test

Percentage of selected faces, thoughts, and facts

Prisoners’ Dilemma

Proportion (%) of trials participant chose to steal across opponent
type
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Ultimatum Game - Proportion (%) of offers accepted

CTQ correlations - Correlations were run for all above variables of interest with total
CTQ and subtype (EA, PA, SA, EN, PN). These correlations were
run across participants and also within MDD and HC groups only.

Table 2. Outcome measures for each EMOTICOM task

Abbreviations: RT, reaction time; CTQ, Childhood Trauma Questionnaire (Bernstein et al.,
2003); EA, emotional abuse; PA, physical abuse; SA, sexual abuse; EN, emotional neglect;
PN, physical neglect.

2.5. Power analysis

An a priori power analysis was conducted using the G*Power program (Faul et al., 2007) to
determine required sample size. A sample size of 36 participants per group was suggested
given power at 80% for an approximately medium between group effect size of Cohen’s d =

0.6 (Cohen, 1988). Due to various constraints, the actual sample size was only 27 HC and 25

MDD which resulted in a reduced observed power of 68.7% (assuming a 0.6 effect size).

2.6. Statistical Analyses

All statistical analyses were performed using the Statistical Package for the Social Sciences
(SPSS) software, version 25. Separate univariate ANOVAs were performed for each task,
comparing HC to MDD. If a significant group difference was detected (MDD versus HC),
correlations between depression severity (using total BDI-Il score and total HRSD score) and
outcome measures were examined within the MDD group. These correlations were not
examined in the HC group due to lack of HRSD scores and very low BDI scores which would
likely skew results. For all tasks, correlations were examined between CTQ (CTQ total and
the 5 subscales) and task outcome variables, both across participants and split by diagnostic
group. Significance threshold was set at p<0.05. Additionally, results of p<0.055 were

interpreted as trends in the results and discussion. No correction for multiple comparisons
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was applied due to lack in statistical power, hence findings should be interpreted cautiously
and seen primarily as exploratory in nature, aiming to inform future studies of affective

cognition in MDD/ELS.

3. Results

3.1. Demographics and clinical characteristics

Demographics and clinical characteristics can be found in Table 3. Groups did not
significantly differ on demographic characteristics (including age, gender, ethnicity,
education, native language, or smoking status). ELS was also well matched across groups,
both for total CTQ and subscales of CTQ, with the exception of emotional abuse (EA) which
was significantly higher in MDD than HC (p=0.047). However, applying a previously validated
and widely applied cut-off score for significant levels of emotional abuse (score >10 for EA;
Bernstein & Fink, 1998; Bevilacqua et al., 2012; Walker et al., 1999), revealed no significant
difference in proportion of participants meeting for significant EA in HC (N=11) versus MDD
(N=14), X? (1, N =52) =1.211, p = 0.271. Furthermore, the proportion of participants
meeting cut-off scores? for significant levels of abuse/neglect on at least 2 different
subtypes did not differ between MDD (N=13/25) and HC (N=14/27), X? (1, N = 52) = 0.000, p
=0.991. Finally, it should be noted that all correlations between MDD symptom severity
measures (BDI-Il and HRSD) and ELS (CTQ total and all 5 subscales) were not significant (all

p>0.05).

3 Cut-off scores (Bernstein & Fink, 1998; Bevilacqua et al., 2012; Walker et al., 1999) were: 8
or higher for physical abuse, 8 for sexual abuse, 10 for emotional abuse, 8 for physical
neglect, and 15 for emotional neglect.
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The most frequent comorbidity present in the MDD sample was generalised anxiety
disorder (GAD, N = 10); other comorbidities present are as followed: dysthymia (N=3
current), panic disorder (N=2 current, N=2 past), agoraphobia (N=2 current, N=1 past), social
phobia (N=8 current, N=1 past), obsessive compulsive disorder (OCD; N=3 current, N=1
past), posttraumatic stress disorder (PTSD; N=2 past), alcohol use disorder (N=2 past),
substance use (N=3 past), anorexia (N=2 past), bulimia (N=1 past), and binge eating disorder

(N=2 past).

HC MDD Statistic Significance | Effect Size

Demographic

Age (years) 31.592 | 27.801 F=1.226 | p=0.273 np2=0.024
(12.938) | (11.655)

Female (%) 59.32 80 X2= 2621 | p=0.105 V=0.225

Caucasian (%) 74.14 76 X2= 0.026 | P=0.873 vV =0.022

Education (years) | 17.042 | 15.424 F=2.915 | p=0.094 I’]p2=
(4.192) | (2.125) 0.056

English native 77 80 X2= 0.071 | P=0.789 V=0.037

language (%)

Current smokers | 2 1 X2= 0.277 | P=0.599 V=0.073

Clinical

CTQ total 40.892 | 45.883 F=1.627 | p=0.208 np2=0.032
(14.516) | (13.630)

CTQEA 9.564 12.043 F=4.149 | p=0.047* np2=0.077
(4.862) | (3.824)

CTQPA 6.963 7.000 F=0.002 | p=0.965 I’]p2=0.000
(3.144) | (2.843)

CTQSA 6.114 6.482 F=0.184 | p=0.670 np2=0.004
(2.665) | (3.513)

CTQEN 10.221 | 12.440 F=3.004 | p=0.089 np2=0.057
(4.862) | (4.321)

CTQPN 8.042 7.923 F=0.016 | p=0.901 I’]p2=0.000
(3.684) | (2.999)

BDI-II 7.524 27.611 F= p< 0.001* np2=0.734
(7.066) | (5.31) 110.558

HRSD total NA 17.750

(4.131)

69



Table 3. Demographics and clinical characteristics.

Abbreviations: BDI-1l, Beck Depression Inventory-Il (Beck et al., 1996); HRSD, Hamilton
Rating Scale for Depression (Hamilton, 1960); MDD, major depressive disorder; HC, healthy
control; NA, not applicable; CTQ, childhood trauma questionnaire CTQ; (Bernstein et al.,
2003); EA, emotional abuse; PA, physical abuse; SA, sexual abuse; EN, emotional neglect;
PN, physical neglect.

Mean values are displayed with standard deviations in parentheses where applicable.
*p<0.05 comparing MDD and HC

3.2. EMOTICOM Tasks

3.2.1 Emotional Recognition Task (ERT)

HC (M=14.231, SD=21.290) had significantly higher affective bias scores (accuracy of happy
minus sad) than MDD (M=3.000, SD=18.431), F(1,49)= 4.043, p= 0.050, np? = 0.0076. This
appeared to be driven mainly by a lower accuracy (%) in identifying happy faces in MDD
(M=83.000, SD =12.247) than in HC (M=89.038, SD=9.267), F(1,49)= 3.960, p= 0.052, np% =
0.075. The opposite trend was observed for sad faces, though this did not approach
statistical significance. Correlations of outcome measures with depression severity scores (in
MDD only) revealed a significant association between total HRSD score and accuracy in
identifying fearful faces, r(23) = 0.506, p= 0.012. This indicates that higher levels of HRSD
scores (indicating greater severity of current depressive symptoms) were associated with

greater accuracy for identifying fearful faces. No other significant correlations emerged with

any other outcome variables or with BDI-II.

Correlations with CTQ scores across all participants revealed a significant positive
correlation between EA and accuracy for fearful faces, r(50) = 0.277, p=0.047. Furthermore,
within the HC group (but not within MDD), affective bias (happy minus sad) was significantly

correlated with PA, r(50) = -0.458, p=0.019.
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3.2.2 Emotional Intensity Morphing Task

Participants with MDD detected fearful faces significantly earlier than HC, F(1,49)= 7.484, p=
0.009, np? = 0.133. There was also a trend approaching significance for MDD detecting sad
faces more quickly than HC, F(1,49)= 3.976, p= 0.052, np? = 0.075. It is important to note
that the corresponding decreasing trials (decreasing fear and sadness) were not significantly
different between groups (see Table 4) and as such the aforementioned findings are not
thought to represent a mere heightened impulsiveness in MDD. There were no group
differences in affective bias score (p>0.05). Correlations of outcome measures with
depression severity scores (in MDD only) revealed a significant negative association
between total BDI-Il score and number of intensity levels needed to detect fearful faces,
r(23) =-0.422, p= 0.045. This indicates that the greater the depression severity of MDD

participants (as measured using BDI-II), the earlier they detected fearful faces.

HC MDD Statistic Significance
Increasing Fear 10.327 (1.721) | 8.688 (2.525) F=7.484 p=0.009*
Decreasing Fear 11.093 (2.484) | 11.063 (2.212) | F=0.002 p=0.963
Increasing Sad 10.327 (2.304) | 8.979 (2.524) F=3.976 p=0.050*
Decreasing Sad 11.364 (1.382) | 10.736(1.785) | F=1.997 p=0.164

Table 4. Emotional Intensity morphing task mean values. Number of levels before emotion
was detected (increasing) or was no longer detected (decreasing) are displayed with
standard deviations in parentheses. *p<0.05 comparing MDD and HC

Correlations with CTQ revealed a significant positive correlation between identification of
angry faces and SA across participants, r(50)=0.299, p =0.033, indicating that higher levels of
SA are associated with needing more ‘levels’ (number of pictures of increasing emotional
intensity) to detect anger. Similarly, within MDD (but not HC), a positive correlation

between SA and fearful faces emerged, r(50)=0.398, p =0.049.
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3.2.3 Face Affective Go No-Go (FAGN) Task
There were no significant group differences in reaction time (RT) for affective bias scores

(RT happy target with sad distractor minus RT sad target with happy distractor), p=0.415.

There were, however, significant positive correlations between affective bias and CTQ,
including, in participants overall, with physical abuse, r(50)=0.303, p =0.030, sexual abuse,
r(50)=0.301, p =0.032, and CTQ total, r(50)=0.284, p =0.044. In addition, in MDD only,
affective bias score was significantly correlated with emotional abuse, r(50)=0.447, p
=0.025, and sexual abuse r(50)=0.454, p =0.023. Higher affective bias scores indicate slower
reaction times for targets of happy faces (with sad face distractors) than for targets of

negative faces (with happy distractors).

3.2.4. Emotional Memory Recognition Task

MDD participants had significantly lower overall (negative, positive, and neutral images
combined) retrieval accuracy than HC, F(1,49)= 6.878, p= 0.012, np? = 0.123. While there
were no significant group differences in neutral or positive image memory, MDD
participants had significantly lower retrieval accuracy for negative images than HC, F(1,49)=
8.171, p= 0.006, np? = 0.143 (see Table 5 for means). No significant correlations emerged

between total BDI-Il or total HRSD scores and any outcome variables.

HC MDD Significance
Retrieval accuracy negative (%) | 73.846 (17.453) | 59.600 (18.130) | p=0.006*
Retrieval accuracy overall (%) 71.538 (12.229) | 62.933(11.152) | p=0.012*
Table 5. Emotional memory mean retrieval accuracy. Standard deviations are given in
parentheses. *p<0.05 comparing MDD and HC
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Correlations with CTQ revealed a significant negative correlation between EA and accuracy
for negative images in participants overall, r(50)=-0.282, p =0.045. This correlation indicates
that the higher the level of EA in participants (both HC and MDD), the lower their retrieval

accuracy for negative images was.

3.2.5. Monetary Incentive Reward (MIR) Task
There were neither any significant group differences, nor any significant correlations with

CTQ, for mean RT win minus neutral or mean RT loss minus neutral (all p>0.05).

3.2.6. Progressive Ratio Task (PRT)

Only 1 HC and 5 MDD had breakpoints, all other participants (88.462%) fully completed the
task. Due to this very small sample of participants with breakpoints, a group analysis
comparing breakpoint level between MDD and HC was not conducted. However, a Pearson
Chi square was conducted to compare the presence of a breakpoint between groups and
revealed a significantly higher frequency of breakpoint in MDD (N= 5, 20%) than HC (N=1,
3.7%), X* (2, N = 52) = 9.630, p = 0.008. Given the small subsample of participants with

breakpoints, no correlations with symptom measures were conducted.

While this test did not allow for exploration of CTQ scores, there was an even distribution of
participants meeting for cut-offs for significant ELS (defined as meeting criteria for
significant levels of abuse for at least two subtypes of the CTQ according to previously
validated and widely applied cut-off scores; Bernstein & Fink, 1998; Walker et al., 1999) and
those who did not - of the 5 participants with a breakpoint, 1 HC and 2 MDD did not meet

for ELS using the aforementioned criteria, while 3 MDD met for significant ELS.
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3.2.7. Adapted Cambridge Gambling Task (CGT)
There were no significant group differences between MDD and HC for risk adjustment (RA),

neither for win nor loss.

Correlations between RA and CTQ, however, revealed several significant findings, both
across participants and within just HC and MDD (see Table 6). All significant findings
constituted negative correlations between both RA win and loss and CTQ measures,
indicating reduced optimisation in both conditions was associated with higher scores on

various CTQ subscales/total score.

Overall HC only MDD only
Risk Adjustment Win
- EA r=-0.317
p=0.024*
- PA r=-0.311 r=-0.480
p=0.026* p=0.015*
- SA r=-0.289
p=0.04*
- Total CTQ r=-0.360
p=0.010*
Risk Adjustment Loss
- PA r=-0.322 | r=-0.509
p=0.021* | p=0.008*
- PN r=-0.389 | r=-0.488
p=0.005* | p=0.012*
- EN r=-0.414
p=0.035*
- Total CTQ r=-0.400
p=0.043*

Table 6. Correlations between win and loss condition risk adjustment and CTQ scores.
Both test statistic (pearson’s r) and significance (p value) are given. Only significant
correlations (p<0.05) are listed in the table.

Abbreviations: EA, emotional abuse; PA, physical abuse; SA, sexual abuse; EN, emotional
neglect; PN, physical neglect; MDD, major depressive disorder; HC, healthy control; CTQ,
childhood trauma questionnaire CTQ; (Bernstein et al., 2003).
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3.2.8. Moral Emotions Task
There were no significant group differences for any of the 6 variables (agent/victim ratings

for guilt, shame, and bad/good), all p> 0.05.

There were, however, several significant correlations with CTQ, most prevalent within MDD
participants (see Table 7 for correlations within MDD). In addition, in participants overall,
ratings of shame for victims, r(50)= 0.422, p =0.004, as well as guilt for victims, r(50)= 0.429,
p =0.003, correlated significantly with PN. In HC only, the only significant correlation was
similarly with PN and shame ratings for the victim, r(50)= 0.443, p =0.027. These correlations
indicate that higher levels of physical neglect were associated with higher ratings of shame
for the victim in HC and participants overall, as well as higher ratings of guilt for the victim
(across participants). The findings within MDD and CTQ correlations were particularly
widespread, indicating a decreased attribution of guilt to the agent the higher the history of
EN (p=0.003), increased ratings of guilt and shame for the victim related to increasing levels
of PN (p=0.005, ) and EA (p=0.039), respectively, and several significant correlations
indicating higher ratings of bad (versus good) toward the victim associated with higher
levels of EA (p=0.026), PA (p = 0.043), EN (p=0.027), and total CTQ score (p=0.013). Please

see Table 7 for complete test statistics within MDD.

Statistic Significance
Guilt agent & EN r=-0.484 | p=0.030

Guilt victim & PN r=0.601 p=0.005*

Shame victim & EA r=0.464 p=0.039*

Bad/Good victim &
- EA r=-0.497 p=0.026*
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- PA r=-0.456 | p=0.043*

- EN r=-0.493 | p=0.027*

- Total CTQ r=-0.543 | p=0.013*

Table 7. Correlations between ratings of moral emotions for victim and agent with CTQ
scores within MDD participants. Only significant correlations (p<0.05) are shown.

3.2.9. Social Information Preference Test

There were no significant group differences between MDD and HC in proportion (%) of
selected faces (p=0.388), thoughts (p=0.809), or facts (p=0.255). Similarly, there were no
significant correlations between these variables and CTQ scores, neither across participants

nor within solely MDD/HC (all p>0.05).

3.2.10. Prisoners’ Dilemma
There were no significant group differences between MDD and HC in proportion (%) of
steals (for aggressive, tit for two tats, cooperative, or overall steal), all p>0.05. There were

similarly no significant correlations between proportion of steals and CTQ scores.

3.2.11. Ultimatum Game
There were no significant group differences between MDD and HC in proportion (%) of
acceptance of offers (p=0.189). Similarly, no significant correlations emerged between

acceptance rate and CTQ scores, all p>0.05.
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Tasks Main construct measured MDD (versus | ELS (correlations)
HC)
Emotional Recognition Emotion recognition/ v
Task (ERT) categorisation v
EA, PA
Emotional Intensity Emotion recognition
Morphing Task v \/SA
Face Affective Go No-Go Attentional bias
(FAGN) Task % v
PA, SA, EA, CTQ total
Emotional Memory Emotional memory v
Recognition Task v EA
Monetary Incentive Reward/ punishment % %
Reward (MIR) Task sensitivity
Progressive Ratio Task Incentive motivation / effort %
(PRT)
Adapted Cambridge Value-based choice
Gambling Task (CGT)
% v
All subscales & CTQ
total
Moral Emotions Task Moral emotion v’
x EA, PA, EN, PN, CTQ
Total
Social Information Theory of mind
Preference Test X X
Prisoners’ Dilemma (PD) Social economic exchange % x
game
Ultimatum Game (UG) Social economic exchange % %

game

Table 8. General overview of main findings. Green checkmarks indicate significant findings
(for diagnosis [MDD versus HC], and/or ELS [correlations with CTQ scores]). Red crosses
indicate null results. For ELS, all significant correlations are indicated (across participants
and/or within only HC/MDD groups).
Abbreviations: EA, emotional abuse; PA, physical abuse; SA, sexual abuse; EN, emotional
neglect; PN, physical neglect; MDD, major depressive disorder; HC, healthy control; CTQ,
childhood trauma questionnaire CTQ; (Bernstein et al., 2003).

4, Discussion
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Analyses of EMOTICOM tasks revealed that certain affective cognition constructs appeared
to be sensitive to current depressive symptoms, including emotion recognition and
incentive motivation/effort (as seen by significant differences between MDD and HC groups)
while other constructs revealed no group differences but instead significant associations
with various types of ELS (including attentional bias, value-based choice, and moral
emotions). Unexpectedly, in our sample, contradictory results to the literature were found
for emotional memory (with decreased memory for negative images in MDD versus HC) and
null results emerged for the Monetary Incentive Reward (MIR) task and all but one (moral
emotions) social cognition tasks, including two social economic exchange games (PD and
UG) and theory of mind (Social Information Preference Test). See Table 8 above for a

summary of overall findings.

Four tasks revealed an effect of diagnosis on outcome variables, including two emotion
recognition tasks, one task measuring incentive motivation/effort, and one measuring
emotional memory. Specifically, the Emotional Recognition Task (ERT) revealed significantly
higher affective bias (accuracy of identifying happy minus sad faces) in HC than MDD
(p=0.050), which appeared to be driven mainly by a lower accuracy for happy faces in MDD
than HC (p=0.052). Another task mainly driven by current symptoms was the Emotional
Intensity Morphing task, which indicated an earlier detection (fewer ‘levels’ of emotional
faces needed to detect presence of emotion) of fearful faces (p =0.009) and approaching
significance for sad faces in MDD (p =0.052) compared to HC. Correlations with symptom
severity measures further revealed that the observed effect for fearful faces in MDD was
associated with BDI-Il scores (the higher total BDI-Il score, the earlier fearful face detection

occurred), however this was not replicated in HRSD scores. The only CTQ correlation that
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emerged was with SA and indicated the opposite trend observed for MDD, suggesting that
observed effects appeared to be driven by MDD, independent of ELS. The fact that current
MDD appears to influence affective bias in these two emotion recognition tasks,
independently of ELS, is further supported by findings that antidepressant interventions can
successfully reverse such affective biases in patients with MDD, even prior to any changes in
mood or symptoms are observed (Harmer et al., 2009). If affective bias in emotion
recognition tasks were more strongly affected by ELS history than MDD,
psychopharmacological intervention would perhaps not be expected to reverse the

observed changes in emotion processing.

The Progressive Ratio Task resulted in significantly (p=0.008) greater number of breakpoints
in MDD (20%) than HC (3.7%). These results are in line with previous findings showing
significantly reduced effort/incentive motivation in MDD (Treadway et al., 2012; Yang et al.,
2014). Given the even spread of ELS across groups and among participants with breakpoints
(N=3 with and N=3 without significant levels of ELS), it may be deduced that reduced effort
to receive reward may be more associated with MDD itself than a history of ELS. However,
the results from the PRT must be tentatively interpreted since statistical analyses were
based on a small subset of participants (N=6, 11.54%) as all other participants fully
completed the task. Interestingly, the completion rate in our sample is significantly higher
than the proportion of participants who completed the task in the original paper that
administered the EMOTICOM test battery to 200 healthy volunteers (in which 57%
completed the task; Bland et al., 2016). Though the authors do not report an exact
percentage, a Danish validation study of the EMOTICOM test battery mentions a “large

proportion of participants who met criteria for ceiling effects” in the PRT, presumably also
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indicating a high number of participants who fully completed the task (Dam et al., 2019).
Future studies using the PRT should consider this observed ceiling effect and potentially
consider altering task instructions or the testing environment to reduce this effect and

enable for more variation between participants.

The fourth, and final, task revealing an effect of diagnosis was the Emotional Memory
Recognition Task. While no specific a priori predictions had been made regarding overall
recall accuracy (positive, negative, and neutral combined), our findings of reduced overall
recall accuracy in MDD versus HC is in line with some studies demonstrating general (not
affective dependent) memory impairments in depression (Cale, 1996; Nikolin et al., 2021;
Rock et al., 2014). In regard to affective bias, the primary variable of interest, findings were
divergent from our priori hypothesis. The vast majority of existing literature has consistently
identified an affective bias of memory in depression, whereby MDD is characterised by
increased recall accuracy for negative stimuli and decreased recall for positive stimuli
compared to HC (Gotlib et al., 2004; Hamilton & Gotlib, 2008). Instead, the opposite effect
was found, in which MDD participants had significantly lower retrieval accuracy for negative
images than HC, but no significant differences emerged between groups for neutral or
positive images. Interestingly, a few other studies have also failed to replicate an affective
memory bias in depression (Ellwart et al., 2003; Danion et al., 1995) and some have even
observed improved memory for positive over negative words in MDD (Calev, 1996). It
should be noted that the only significant correlation with CTQ that emerged indicated lower
accuracy for negative images in participants with higher levels of EA. Emotional abuse was

the only CTQ subscale that was significantly different between diagnostic groups (higher in
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MDD) and hence it is possible that either MDD or EA (or a combination of the two) had an

effect on the observed results.

Furthermore, though the ERT and Emotional Intensity Morphing Task appeared to be
primarily driven by group differences (MDD versus HC), there were a few significant
correlations with specific CTQ subscale scores. Within the Morphing Task, SA was found to
increase the levels (number of faces with increasing intensity of emotion) needed for
detection of both angry and fearful faces. This finding was unexpected, given previous
studies that have documented attentional biases specifically toward angry faces (not for
happy or sad faces) in children with a history of ELS (Pollak & Tolly-Schell, 2003; Pollak &
Kistler, 2002). This finding has been replicated in young adults in a study that reported
preferential attention to and increased accuracy in identification at lower levels of
emotional intensity for angry faces (and not for happy or sad faces) in those reporting
moderate levels of ELS compared to those with no ELS, independent of depressive
symptoms (Gibb et al., 2008). Interestingly, the direction of attentional bias (either towards
threat or avoidance), may depend on severity and type of abuse. One study reported a
significant correlation between severity of physical abuse and avoidance of threat
(attentional bias away from angry or threatening faces; Pine et al., 2005). This may be
related to emotional blunting, which has been observed in individuals with ELS (Locher et
al., 2014). Interestingly, emotional numbing is also a hallmark of post-traumatic stress
disorder (PTSD), and one prospective study found that early numbing following experience
of sexual or non-sexual assault in women predicted development of PTSD (Feeny et al.,
2000). However, it should be noted that this abuse occurred during adulthood and

emotional numbing was measured shortly afterward, and as such may not be comparable to
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ELS. More studies are needed to investigate whether attentional biases away from fearful
and angry faces may represent emotional blunting and may depend on the type and
severity of abuse. It is possible that the slower detection of angry and fearful faces in
participants with higher levels of SA observed in the Emotional Intensity Morphing Task of
the present investigation indicates a threat avoidance potentially specific to a significant
history of childhood SA, but this is a purely speculative hypothesis and requires further

study.

In the ERT on the other hand, the two correlations that emerged with CTQ indicated
increased attentional bias toward fearful and sad (relative to happy) faces, more in line with
previous research. Specifically, EA (across participants) was correlated with increased
accuracy in recognizing fearful faces, while PA (in HC only) was correlated with lower
affective bias scores (indicate greater accuracy for sad versus happy faces). As
aforementioned, increased accuracy or preferential responding to threatening stimuli has
been reported following ELS (Pollak, 2003; Pollak & Tolly-Schell, 2003; Pollak & Kistler,
2002), however these studies have generally highlighted the specificity toward angry/fearful
faces, and an absence of an effect for happy/sad. It is hence unclear why the correlation
between decreased affective bias accuracy and PA emerged, and why this was limited to HC

— future studies are needed to investigate whether this effect is replicated.

Three tasks, measuring attentional bias (FAGN task), value-based choice (Adapted CGT), and
moral emotions (Moral Emotions Task) revealed no group differences (MDD versus HC) but
significant correlations with CTQ, suggesting that these constructs of affective cognition may

be more influenced by history of ELS rather than current depression. Specifically, the FAGN
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task revealed significant positive correlations between affective bias (RT of happy target
with sad distract minus RT sad target with happy distract) and PA, SA, and CTQ total (across
participants), and EA and SA (in MDD), indicating that higher levels of ELS in these
subtypes/total score are associated with quicker response to targets of sad faces relative to
happy faces. The adapted CGT also indicated several significant correlations between both
risk adjustment (RA) for win and loss and various CTQ scores, including PA, SA, CTQ total (for
RA win) and PA, PN, EN and CTQ total (for RA loss). The lack of group effect but significant
correlations with total CTQ and various subtypes of ELS indicate that findings have been
previously misattributed to MDD when perhaps ELS (which is highly prevalent within MDD
patients Williams et al., 2016; Xie et al., 20 18) may instead be primarily driving this effect.
This is supported by findings that report impaired optimisation of bets (lower rates of RA) in
medicated, unmedicated and remitted MDD (Murphy et al., 2001; Rawal et al., 2013; Roiser
& Sahakian, 2013), further indicating that current depressive symptoms are unlikely to be

the driving factor behind the observed behavioural changes.

Similarly, while the Moral Emotions Task revealed no group differences between MDD and
HC, a host of significant correlations emerged with CTQ scores, in particular relating to
heightened levels of shame and guilt perceived for the victim of harm. While a few
correlations (with PN) emerged across participants overall and in HC, all further significant
correlations were exclusive to MDD, suggesting that potentially ELS within MDD participants
has a heightened effect on moral judgment. Higher levels of ELS (including EA, PA, EN, and
total CTQ) were associated with increased ratings of shame, guilt and bad (versus good) for
the victim of harm in MDD participants (see Table 7 for details). An extensive literature has

reported heightened levels of negative moral emotions, including self-blame, shame, and
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guilt in MDD (Zahn et al., 2015). Interestingly, these same emotions have also been found
to be heightened in individuals with ELS exposure and may in fact represent a mediating
factor between ELS exposure (including PN, SA, PA, and EN) and later life depression
(Sekowski et al., 2020; Tanzer et al., 2021) and more generally psychological distress in
adulthood (Coffey et al., 1996). Similar findings have been reported in studies of military
personnel with ELS, in which ELS predicted subsequent anxiety and depression via self-
blame (Dorresteijn et al., 2019). The results from the Moral Emotions Task complement
these findings and suggest that heightened levels of self-blame, guilt, and shame for victims
of harm (whether intentional or unintentional) appear to be driven especially by ELS
exposure, apparent to some degree across all participants including HC (for PN) but possibly
especially heightened in those with MDD. Heightened negative moral emotions may hence
potentially represent a key mechanism linking history of ELS and development of later life
depression, though more studies are necessary to more directly investigate this possible

relationship.

Null results (for both group differences and correlations with ELS) emerged for the
remaining three social cognition tasks as well as the MIR task. A lack in group difference
between MDD and HC in the MIR task is in line with fMRI studies in depression that have
effectively used the MIR task to demonstrate diminished activation of both the dorsal and
ventral striatum in response to rewards (including the caudate and nucleus accumbens) but
have not yielded significant behavioural findings (Pizzagalli et al., 2009; Knutson et al.,
2008). While the EMOTICOM MIR task was amended to attempt to increase sensitivity for
potential group differences (Bland et al., 2016), it is possible that either these differences

are too subtle to be picked up by the MIR task design, or potentially there are indeed no
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behavioural differences and other methods, such as the aforementioned fMRI studies, may
provide a more fruitful avenue to exploring differences in reward anticipation and

sensitivity.

Social economic exchange games (UG and PD) and Theory of Mind also appeared less
sensitive to MDD and ELS. Interestingly, while several studies have reported decreased
theory of mind in depression, particularly in chronic depression (Mattern et al., 2015; Zobel
et al., 2010), this may be closely linked to more general deficits in cold cognition, as effects
may be fully accounted for by deficits in logical and working memory (Zobel et al., 2010).
Moreover, the exact nature of the task putatively designed to measure Theory of Mind may
also determine whether effects are seen in MDD, and suggest that different tasks may in
fact measure different constructs. For instance, one study reported deficits in MDD on the
frequently used “Reading the Mind in the Eyes Test” (RMET) compared to HC, but no group
differences on a task that required using contextual information to make judgments about
other people (“Movie for the Assessment of Social Cognition”, MASC; Wolkenstein et al.,
2011). The RMET is frequently used to study Theory of Mind, however, this task is identical
in design (apart from using eyes only versus full faces) to the ERT in the EMOTICOM test
battery, and as such may perhaps be more accurately described as an emotion recognition
and categorisation task. It is interesting to note that no group differences were observed
between MDD and HC in the MASC in the aforementioned study (Wolkenstein et al., 2011),
which, similar to the Social Information Preference Test used in EMOTICOM, requires

integrating more complex social information and reasoning about others’ state of mind.
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Social economic exchange games, such as the UG and PD, have been primarily studied in
healthy individuals to investigate economic decision-making, and the few studies in
depression have yielded inconsistent findings (Harlé et al., 2010; Pulcu et al., 2014; Harlé &
Sanfey, 2007). To the authors’ knowledge, neither of these tasks have been previously
studied in the context of ELS. A recently published study investigating performance on a
monetary exchange game designed to measure trustworthiness of opponents, showed that
ELS (as measured using the CTQ) was significantly correlated with heightened ratings of
distrust (Hepp et al., 2021). Given these initial findings of social decision-making in ELS and
conflicting findings in a small number of studies of MDD, future studies may benefit from
investigating more nuanced outcome measures, to potentially enable revealing more
complex patterns of aberrant social decision-making possibly present in ELS and/or MDD.
Additional variables potentially of interest include breaking down proportion of steals by
opponent type (aggressive, tit-for-two-tats, cooperative) in the PD and calculating the
proportion of accepted offers for each level of offer (ranging from 50% - 90%) and each level
of contribution (whether the opponent or participant contribute more to the pot) in the UG.
The present investigation limited PD and UG analyses to proportion of steals across
opponent type and proportion of offers accepted overall, respectively, in line with previous
studies using these EMOTICOM tasks (Bland et al., 2016; Dam et al., 2019), to avoid
excessive multiple comparisons as the nature of multiple tasks in the EMOTICOM test
battery already resulted in a large number of outcome variables analysed. However,
reducing the number of variables considerably also decreases sensitivity of these two tasks
which allow for more detailed & graded analyses and subsequent interpretation of social

exchange behaviour.
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Overall, our findings from the EMOTICOM test battery suggest that different constructs of
affective emotion are predominantly affected by MDD or ELS and others appear
insusceptible to either (see Table 8 for a summary). The spread of results across initially
proposed affective cognition domains (emotion processing, motivation and reward, and
social cognition, Bland et al., 2016) is in line with previous studies that have rejected the
domain approach of the EMOTICOM tasks and instead suggest individual tasks measure
specific, heterogenous, constructs (Bland et al., 2016; Dam et al., 2019). While domains
may be useful in general classification of tasks, individual tasks clearly map onto distinct
constructs of affective cognition, which, as seen in the present investigation, appear to be
differentially affected by MDD and ELS. This further highlights the need for comprehensive,
standardised measures, such as the EMOTICOM test battery, for the study of affective
cognition, since evidently individual tasks measure distinct constructs and as such cannot be

used as a singular proxy for affective cognition.

4.1. Strengths, limitations, and future directions

The present investigation had several strengths, including the thorough assessment of
affective cognition using a recently developed and validated test battery, assessment of
both depressive diagnosis and symptoms and ELS, and ensuring that groups were well
matched for history of ELS to allow for a controlled analysis of the effect of MDD on
affective cognition without ELS as a potential confounding factor. It should, however, be
noted that while groups were generally well matched for ELS exposure, the MDD group
reported significantly higher rates of EA than HC. Importantly, the proportion of participants
meeting for significant levels of EA did not differ between groups, however, correlations

with EA should nevertheless be cautiously interpreted. The use of CTQ scores allowed for a
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nuanced analysis of ELS subtypes and correlations with outcome variables which is another
strength of the current investigation. This study design allowed us to tease apart potential
effects of MDD and different types of ELS on affective cognition. Furthermore, MDD
participants were all unmedicated, ruling out any potential confounding factors of
antidepressant medication, which has been found to reverse negative emotional cognitive

biases observed in MDD (Harmer & Cowen, 2013).

Several limitations should be highlighted. The current investigation was significantly
underpowered, and our current sample size yielded only 68.7% observed power (assuming a
d = 0.6 effect size) and as a result, due to already diminished power to detect significant
results, we did not correct for multiple comparisons. Similar to previous studies using
EMOTICOM tasks, we attempted to mitigate this by a priori selection of a reduced number
of outcome variables (Bland et al., 2016; Dam et al., 2019). Nevertheless, the findings
presented here should be interpreted cautiously, and additional studies are needed to
confirm and replicate reported results. It should also be noted, that while the EMOTICOM
tasks are purposefully designed in a way to be largely independent of cold cognition (and in
tasks in which reaction time was used as an outcome variable it was standardised to the
neutral RT to account for individual differences), future studies would benefit from including
a measure of cold cognition, such as the Cambridge Neuropsychological Test Automated
Battery (CANTAB) which has been extensively studied in MDD and revealed moderate
deficits in various cold cognition domains (including executive functioning, memory, and
attention) in MDD relative to HC (for a systematic review and meta-analysis, see Rock et al.,
2014). In addition to outcome variables based on RT (which were controlled for, as

discussed), additional variables potentially susceptible to changes in cold cognition may be
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those in which accuracy was measured — in the ERT and Emotional Memory Recognition
Task. While the latter did find an overall deficit of accuracy in MDD vs HC, and hence
possibly could be partially accounted for by cold cognition deficits in memory in MDD, the
ERT did not reveal any overall differences in accuracy in MDD versus HC (instead this was
specific to sad relative to happy faces). While it is hence unlikely that differences in cold
cognition was influencing results of the EMOTICOM test battery reported here (bar
potentially the Emotional Memory Recognition Task), future studies may consider adjunctly
collecting cold cognition data to systematically control for any potential confounders of cold

cognition in statistical analyses of the EMOTICOM tasks.

A general limitation of cross-sectional studies of ELS is the retroactive assessment of
childhood exposure to abuse/neglect. While the CTQ is the most commonly used instrument
to assess ELS, it is by design subject to possible recall bias. In addition, while the CTQ collects
information on severity of 5 different forms of abuse/neglect and hence allowed us to
differentiate our analyses by ELS subtype, it does not provide any information on timing or
duration of abuse. It is becoming increasingly apparent that there seem to be sensitive
periods during which ELS has particular effects, which may differentially affect brain
development (Andersen et al., 2008) and risk for later life depression (Khan et al., 2015).
Future studies should hence consider applying an ELS measure that not only measures type
but also timing of abuse, such as the Maltreatment and Abuse Chronology of Exposure
(MACE) Scale (Teicher & Parigger, 2015), though additional considerations in study design
will need to be made, such as larger sample sizes to allow for meaningful statistical analyses
of timing of abuse, and adequate experimental time to complete the lengthy and detailed

MACE questionnaire.
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5. Conclusion

The present investigation assessed multiple constructs of affective cognition in both HC and
MDD with matching levels of ELS history to determine effects of MDD and ELS. Collectively,
the results emphasise that affective cognition as measured by the EMOTICOM test battery,
is comprised of multiple, distinct constructs, that appear to be differentially affected by
MDD and ELS. Specifically, an MDD diagnosis was primarily related to changes in emotion
recognition/categorisation, emotional memory, and motivation/effort, independent of ELS.
On the other hand, tasks measuring attentional bias, value-based choice, and moral
emotion were affected solely by ELS (and not depression). This study highlights the need for
measurement of ELS in studies of cognition in depression, which is frequently omitted
despite significantly elevated levels of ELS in this population, and may lead to
misinterpretation of findings given the effect of ELS on certain affective cognition
constructs. The present investigation was underpowered and limited by multiple
comparisons, and future studies assessing affective cognition are needed to ascertain
whether reported results replicate. Future studies may also want to consider including
additional information about ELS timing (to assess for sensitive periods), and possibly
investigate relationships between affective cognition and functional (e.g. well-being and
social functioning) and clinical outcomes (e.g. number of MDEs, remission) in prospective

studies.
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6. Appendix

IN THE SCHOOL CAFETERIA

RRY. THERE" PACE.
HEY GUYS! 50 S NO SPAC
CAN I SIT WITH
You?
HEY OH OK...
Y E
> ) - <

Figure 2. Example of Moral Emotions Task, depicting the condition victim intentional.
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ABSTRACT

Background: Both Major Depressive Disorder (MDD) and Early Life Stress (ELS) have been
associated with various structural brain changes, including a consistent finding of decreased
hippocampal volume for both. However, most studies have investigated either ELS or MDD
in isolation, making it difficult to ascertain the effect of each on grey matter volume (GMV)
changes. Given the high levels of ELS present in individuals with MDD, ELS may present a
confounding factor which may potentially be contributing to, or even driving, several of the
GMV effects often attributed to MDD alone.

Methods: The aim of this systematic review was to provide a comprehensive overview of all
empirical studies that measured GMV, MDD and ELS. PRISMA guidelines were followed in
the planning and execution of the systematic review, and a detailed protocol was registered
with PROSPERO prior to commencement. An electronic literature search was conducted in
five databases (Psychinfo, Ovid MEDLINE, EMBASE, OpenGrey & medRxiv/bioRxiv) and
yielded 5129 records, including 4644 published papers and 548 unpublished papers (grey
literature). Following screening of titles/abstract and subsequent full-text review of
remaining records by two independent reviewers, 20 studies met the full eligibility criteria
and were included in the systematic review. All 20 included studies met criteria for low risk
of bias (using the Joanna Briggs Institute Critical Appraisal Checklist for Analytical Cross-
Sectional Studies).

Results: Analysis of included studies revealed that ELS is associated with hippocampal GMV
reductions (both for the whole hippocampus and its subfields, particularly the cornu
ammonis, dentate gyrus, and subiculum) independent of MDD diagnosis. In studies without
a healthy control (HC) group, hippocampal volume reductions were more pronounced in
depressed participants with ELS than those without. Additional regions, including the
caudate, orbitofrontal cortex, and posterior cingulate cortex, were found to have lower
GMV in ELS, independent of MDD diagnosis.

Conclusion: This systematic review found that ELS appears to be the driving factor in GMV
reductions, independent of MDD, most consistently reported in the hippocampus but also in
several other key brain areas frequently implicated in depression. However, due to low
levels of ELS in the HC group of several studies, these findings should be cautiously
interpreted, and more studies, ideally including a high ELS HC group, are needed to
ascertain the effect of ELS independent of depressive symptoms. Overall, the findings
highlight the need for measures of ELS in studies of brain structure in depression.
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1. Introduction

Early life stress (ELS) has been implicated in both animal models and clinical studies as a
significant risk factor in the aetiology of mental health disorders, including major depressive
disorder (MDD; Lindert et al., 2014; McCrory et al., 2017). However, the precise mechanism
by which ELS increases the risk for psychiatric disorders remains unknown. One proposed
theory is that ELS may lead to stress-induced structural brain changes that in turn may
increase vulnerability to disorders such as MDD (Hammen et al., 2000; Lupien et al., 2008;
Magarin & McEwen, 1995). Both MDD and ELS have been associated with various structural
brain changes, with reductions in hippocampal volume (both hippocampus proper and
various subfields) being the most frequently studied and reported for both; Bremner et al.,
2000; Calem et al., 2017; Campbell et al., 2004; Paquola et al., 2016; Videbech & Ravnkilde,
2004). However, the vast majority of these studies have analysed MDD or ELS in isolation,
making it very difficult to disentangle potential effects of one versus the other on changes in
grey matter volume (GMV). The issue of not controlling for ELS in studies of depression is
particularly problematic given the high prevalence of ELS exposure in individuals with MDD:
estimates of significant ELS in depression have been reported between 50.5% to 62.5% in
individuals with MDD diagnosis; Williams et al., 2016; Xie et al., 2018), raising the possibility
that unmeasured ELS in participants may be contributing to (or perhaps even driving)

findings in depression.

A few studies (which did control for both MDD and ELS in their analyses) have reported that
ELS may in fact be the driving factor behind the frequently reported hippocampal GMV
reduction in MDD (Chaney et al., 2014; Opel et al., 2014; Vythilingam et al., 2002). However,

contradictory findings have also been published (Mikolas et al., 2019) and further
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investigation is needed to ascertain whether ELS may indeed underlie GMV reductions in
MDD and if so, whether these are limited to hippocampal GMV or perhaps extends to other
brain areas implicated in MDD. Whole brain analyses and/or studies including multiple
regions of interest (ROIs) may help address this latter question. For instance, a large
multisite study of the ENIGMA framework with over 3000 MDD and HC participants
reported a significant negative correlation between ELS and caudate volume, independent
of ELS, but did not identify any additional significant brain areas in their whole brain

volumetric analyses.

There is a significant need for an improved understanding of the role of ELS and MDD in
GMV changes as it may help develop more targeted and well-timed treatments and
interventions, with the hope of possibly avoiding or reducing structural brain changes,
which in turn have been independently implicated in worse treatment outcomes in
depression (Frodl et al., 2010) and other disorders such as substance use disorder (van Dam
et al., 2014). Promisingly, both antidepressant treatment (Boldrini et al., 2009; Frodl et al.,
2008) and cognitive behavioural therapy (Levy-Gigi et al., 2013) have shown promise in
reversing hippocampal volume reduction in MDD and posttraumatic stress disorder (PTSD),
respectively.

In order to attempt to ascertain whether ELS may primarily account for GMV changes
observed in MDD, or whether there perhaps is an additive effect or mediation involving the

two variables, a systematic review of the literature was conducted.

1.1. Aims and hypothesis
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The aim of this systematic review is to provide a comprehensive overview of all empirical
studies that measured GMV, MDD and ELS. First and foremost, the systematic review seeks
to identify whether MDD and/or ELS are associated with changes in GMV (using both ROI
and whole brain approaches) and importantly, aims to differentiate effects of depression
and ELS on brain structure to determine whether one of these factors is driving GMV
changes or whether there is perhaps a mediating or additive effect of these factors.
Furthermore, this systematic review will highlight which brain regions may be implicated in
potential GMV changes in ELS and/or MDD (though this may likely be biased and not fully
comprehensive since we do not exclude studies that take an ROI rather than a whole brain
approach).

Based on previous literature we hypothesised that ELS partially or fully mediates the

reduction of GMV often observed in MDD, in particular in the hippocampus.

2. Methods

The PRISMA guidelines were adopted in the methodology and reporting of results of this
systematic review (Moher et al., 2009). A detailed protocol was submitted and approved by
PROSPERO (https://www.crd.york.ac.uk/prospero), an international prospective register of
systematic reviews, prior to conducting literature searches (registration reference:
CRD42020223533).

It should be noted that for purposes of this manuscript, the term ELS is used for all
references to significant early life stress occurring during childhood (generally before the
age of 18). The ELS literature uses many different terms and definitions, including early life

adversity, childhood trauma, maltreatment, and others; for consistency, all of these
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constructs are referred to as ELS henceforth. Specific details of how each included study

defined and measured ELS are given in the results section.

2.1. Search strategy

An electronic literature search was conducted on 25™ November 2020 in five databases:
Psychinfo, Ovid MEDLINE, EMBASE, OpenGrey & medRxiv/bioRxiv. A manual search of the
references of included studies was also conducted to identify any additional relevant
studies. OpenGrey and medRxiv were included to decrease bias by searching unpublished
studies (such as research reports, dissertations, conference papers, etc) and preprints in
health sciences, respectively. The exact search phrase implemented for each database was:
((early AND life AND stress) OR (early AND life AND trauma) OR (childhood AND abuse) OR
(childhood AND trauma) OR (childhood AND adversity) OR (childhood AND maltreatment)
OR (childhood AND neglect)) AND (depress* OR (beck AND depression AND inventory) OR
(low AND mood)) AND ((brain AND volume) OR (brain AND structural) OR (brain AND
abnormalit*) OR (brain AND change*) OR neuroimaging OR (grey AND matter) OR (grey AND
matter) OR mri OR brain)). All identified references (including abstracts) were exported into

an EndNote library.

2.2. Study identification

PRISMA guidelines were followed for study identification: 2 reviewers (FG and KL)
independently screened titles and abstracts (for all identified articles as part of the first
screen) and full texts (during the second, in-depth screen for a subset of articles identified

as potentially eligible after the initial screen) in random order to determine eligibility
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according to the selection criteria. Any disagreements were discussed between authors and

resolved through consensus.

2.3. Selection criteria

Inclusion criteria for studies were: (i) original data (no reviews) of human subjects (no
animal studies), (ii) the patient population studied were adults (aged 18+), (iii) studies
included at least one measure of ELS, (iv) studies included a validated measure of
depression or MDD diagnosis, (v) studies included measures of GMV obtained from
structural MRI scans performed on participants. Since different types of control groups
could be appropriate (e.g. healthy controls with no psychiatric history, depressed individuals
with and without ELS exposure, or healthy individuals with and without ELS exposure) we
did not define a specific type of control group in our study criteria. Since ELS is a broad
construct with many different definitions and measurements we did not confine our
eligibility criteria to any specific type of ELS measurement and rather included any measure
that established childhood maltreatment (defined as abuse and/or neglect of various types)

as has been done in previous systematic reviews involving ELS (Cassiers et al., 2008).

2.4. Data extraction and risk of bias assessment

Data was extracted from the included papers by the first author. Data extraction included
information on study site and population, demographics, inclusion/exclusion criteria,
definitions of MDD and control group(s), measures of main variables (ELS, MDD, GMV),
statistics, limitations/bias, funding/conflict of interest, and main findings (including null
results). A single included study (Hassel et al., 2017) consisted of a published abstract only

rather than a full manuscript. Since information provided about study design and inclusion
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criteria was limited in the abstract, this information was complemented by a recently
published manuscript of the same study (CAN-BIND study; Nogovitsyn et al., 2020).

Quality assessment to identify risk of bias in individual studies was conducted independently
by two authors (FG and KL) and any discrepancies were later discussed and resolved by
consensus. Since all included studies were of cross-sectional design the Joanna Briggs
Institute Critical Appraisal Checklist for Analytical Cross-Sectional Studies (Joanna Briggs
Institute, 2020) was applied. The checklist includes 8 questions covering inclusion criteria;
description of study subjects and setting; valid and reliable exposure measure; objective,
standard criteria used for measurement of condition; identification of confounding factors;
strategies to deal with confounding factors; reliable measurement of outcome variables;
and appropriate statistical analysis. We rated each individual study on these 8 questions,
giving them a score of 0 (absent/insufficient), 0.5 (partial), and 1 (satisfactory/complete), for
each question, resulting in a total score with a possible range of 0-8 for each study. We
applied previously used cut-offs (Melo et al., 2018) to determine low risk of bias (total score

>6), moderate risk of bias (total score 4-6), and high risk of bias (total score <4).

3. Results

Due to the heterogenous design and measures of studies included (in regard to brain area(s)
analysed, inclusion/exclusion criteria, medication status, ELS measure, scanner parameters
and imaging analysis) a meta-analysis was not possible; hence a narrative summary and

gualitative analysis of the results was conducted.

3.1. Study selection
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Our search yielded a total of 4644 published papers broken down as follows by database:
EMBASE (2406), APA Psycinfo (1188), Medline (1050). Once identical duplicates were
removed a total of 3082 papers remained. Search of grey (unpublished) literature yielded
548 papers, 266 in openGrey and 282 in medRxiv. An additional 3 articles were included
through manual screening of references of included articles. Following identification,
screening, and assessment of eligibility, a final total of 20 studies were included in the
systematic review. Details of identification, screening, eligibility, and inclusion can be seen

in the PRISMA flowchart in Figure 1.

Records identified through

E database searching Additional records identified

§ (n= 5129; published papers through manual screening of

= n=4644; unpublished papers references (n= 3)

C

[ n=548)

kel
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c abstract) after duplicates — (n = 3486)

o removed (n=3633)

A

1 Full-text articles excluded (n

> =127: 34 no measure of GMV; 19 not

= ) . original research; 12 no measure of

"u% Full tex_t ?rtu.cles a_ssessed for ) ELS; 6 not MDD (at risk); 6 duplicate

o eligibility (n=147) datasets/results; 17 no MDD
group/validated measure; 13 not
adults; 16 other disorder (not MDD); 4
no relevant statistical analyses

ks

T Studies included in qualitative

S synthesis (n= 20)

Figure 1. PRISMA flowchart of study identification and selection
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3.2. Risk of bias assessment
The quality assessment scores using the Joanna Briggs Institute Critical Appraisal Checklist

for Analytical Cross-Sectional Studies (Joanna Briggs Institute, 2020) are listed in Table 1.

Applying cut-offs used in previous systematic reviews (Melo et al., 2018) revealed that all 20

included studies met criteria for low risk of bias (total score >6). Five studies were given

partial scores for questions 5 and 6 (identification of and controlling for confounding

factors) as they did not control for total intracranial volume (ICV) in their analyses (though

they did control for other factors, such as age and gender). The only score of zero on any

criteria was given for a lack of validated ELS measure in one study (Yuan et al., 2020) in

which participants were merely asked a yes/no question about previous trauma experience.

Table 1. Risk of bias assessment
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Saleh et al.,
2017

Aghamohamm
adi-Sereshki
etal., 2021

Vythilingam et
al., 2002

Yang et al.,
2017

Yuan et al.,
2020

Mikolas et al.,
2019

Teicher et al.,
2012

Tannous et al.,
2020

Table 1 key: Green circle = score of 1 (criteria satisfactorily fulfilled), orange circle = score of
0.5 (criteria partially fulfilled), red circle = score of 0 (criteria not fulfilled)

3.3. Study characteristics

All 20 included studies were cross-sectional studies published in peer-reviewed scientific
journals and none of the authors reported any conflicts of interest. Please see Table 2a-d for
detailed study characteristics of each study, including study setting, participant
characteristics and demographics, ELS and MDD measures, imaging parameters and analysis
software, and statistical analyses. For more detailed inclusion/exclusion criteria for each
study, please see Appendix Table 1. Across all 20 studies, conducted in 10 countries
(Ireland, Germany, Netherlands, Australia, South Africa, France, Canada, China, USA, and the
UK) a grand total of 5994 adult (aged 18+) participants were included. 17 studies compared
MDD participants to healthy controls (HC), of which 4 studies divided these groups further
into four subgroups depending on presence/absence of ELS (MDD without ELS: MDD; MDD
with ELS: MDDELS; HC without ELS: HC; and HC with ELS: HCELS), and one study divided
them into three subgroups (as above but without a HCELS group due to limited numbers).

Two studies compared MDDELS to MDD (without a healthy control comparison group) and
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one study used a community sample with a range of participants including HC, MDD, and

other disorders. See Table 2a for detailed demographics of study participants in each study.

Table 2a. Study details and demographics

Total Population Age Gender (%
Study (Authors) Country participants | studied participants | female) Education Ethnicity
T gene T gene
carriers/ no carriers/no
carrier: carrier:
MDD: 45.8 MDD:
(9.3)/ 40 46.2% /
(10.3) ; HC: 71% ; HC:
Bermingham et 36.6 (11.8)/ 50% / Not Not
al., 2012 Ireland 88 | MDD vs. HC 35.3(13.4) 69.2% reported reported
81 from
Ireland, 52 MDD: 41.8 MDD:
Carballedo et al., from (11.1); HC: 61.29%; HC: | Not Not
2013 Germany 133 | MDD vs. HC 38.4 (13.5) 61.97% reported reported
MDD: 40.6
(10.4),
MDDELS: MDD:
39.9(9.7), 70.59%,
HC: 34.2 MDDELS:
(10.8), 45%, HC:
Chaney et al., HCELS: 45.3 66.66%, Not Not
2014 Ireland 83 | MDD vs. HC (15.8) HCELS: 40% | reported reported
Varied by
9 study sites sample, Range
in5 ranges: 25.5 | differed by
countries: (5.0)-55.3 study site,
Netherlands, (12.8) for HC | from 33.3-
Ireland, and 18.9 71.8% in
Germany, (3.0)-53.6 MDD and
Australia, (11.9) for 25-64.5% in | Not Not
Frodl et al., 2017 South Africa 3036 | MDD vs. HC MDD. HC reported reported
7 (11.1%)
low
educational
level, 31
(49.2%)
middle
educational
MDD with ELS level, 25
vs. MDD (39.7%)
without ELS high
(no healthy educational | Not
Colle et al., 2017 France 63 | control group) | 46.4 (£12.4) 58.70% | level. reported
MDD with ELS
vs. MDD
without ELS
(no healthy 21-49, mean: | 100% Not Not
Croy et al., 2013 Germany 23 | control group) | 37.7 (9.6) female reported reported
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MDD: 44.2 MDD:
(12.2), HC: 60.46%, HC: | Not Not
Frodl et al., 2010 Germany 87 | MDD vs. HC 41.1(12.5) 54.55% reported reported
898 (2
samples: NESDA: 37.8
262 NESDA (10.2), NESDA:
Gerritsen et al., + 636 MDD (past SMART: 61.5 | 68%, Not Not
2015 Netherlands | SMART ) year) vs. HC (9.6) SMART 19% | reported reported
mean age
not MDD:
reported, 61.25%, HC: | Not Not
Hassel et al., 2017 | Canada 139 | MDD vs. HC range: 18-60 | 67.78% reported reported
Overall: In years:
55.13%, MDDELS:
MDDELS: MDDELS: 14.2 (2.26),
24.4 (4.79), 31.25%, MDD: 14.5
MDDELS MDD: 23.5 MDD: (3.30),
(n=16), MDD (5.77), 57.14%, HCELS: 100% Han
(n=14), HCELS | HCELS: 21.5 HCELS: 14.0 (1.3), ethnicity
(n=24), HC (3.98), HC: 62.5%, HC: | HC:14.7 (inclusion
Lu et al., 2019 China 78 | (n=24) 21.5(3.69) 62.5% (1.92) criteria)
In years:
MDDELS:
MDDELS: MDDELS: 10.7 (3.8),
33.2(8.7), 58.33, MDD: 10.8
MDD: 36.1 MDD: (4.2),
MDDELS (51), | (7.8), HCELS: | 57.14%, HCELS:
MDD (31), 33.0(7.8), HCELS: 11.0(3.2),
HCELS (48), HC: 33.8 50%, HC: HC:12.8 Not
Lu etal., 2018 China 168 | HC (38). (7.4) 50% (3.7) reported
In years:
MDD: 37.6 MDD: MDD: 3.1
(12.0), HC: 63.53%, HC: | (1.3), HC: Not
Opel et al., 2014 Germany 170 | MDD vs. HC 37.2(11.8) 60% 3.1(1.7) reported
In years: % White:
MDD: 35.1 MDD: MDD: 15.2 | MDD:
(8.9), HC: 60.9%, HC: | (2.4), HC: 67.2%,
Saleh etal., 2017 | USA 104 | MDD vs. HC 29.7 (9.2) 66.2% 16.0(1.9) HC: 55.4%
In years:
Aghamohammadi- HC: 32.3 65.71% in HC: 15.7
Sereshki et al., (10.0), MDD: | both MDD (1.7), MDD: | Not
2021 Canada 70 | MDD vs. HC 34.9 (8.7) and HC 15.4 (1.8) reported
% white:
MDDELS:
81%,
MDDELS: 33 MDD:
MDD (with (6), MDD: 34 72.7%,
Vythilingam et al., and without (8), HC: 27 Not HC:
2002 USA 46 | ELS) vs. HC (5) 100% | reported 64.3%.
MDDELS: MDDELS: In years:
31.7 (8.0), 73.2%, MDDELS:
MDD: 30.1 MDD: 11.5 (4.5),
(7.5), HCELS: | 72.09%, MDD: 11.9
32.9(7.6), HCELS: (5.1),
HC: 29.8 75%, HC: HCELS: Not
Yang et al., 2017 China 168 | MDD vs. HC (6.5) 72.1% 14.3 (5.2), reported
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HC: 16.0
(4.2)
% White
MDD:
48.8, HC:
45.5, %
African
In years: American:
MDD: 34.8 MDD: MDD:15.1 MDD:
(10.8), HC: 63.41%, HC: | (2.4), HC: 31.7%,
Yuan et al., 2020 USA 87 | MDD vs. HC 33.3(11.5) 58.54% 16.2 (1.5) HC: 36.4%
MDD: 39.926
(8.979), HC: MDD:
Mikolas et al., 36.841 67.06%, HC: | Not Not
2019 Ireland 152 | MDD vs. HC (13.15) 64.29% reported reported
Community
sample
(including
MDD and
other
Teicher et al., disorders and Not Not
2012 USA 193 | HQ) 21.9(2.1) 62% | reported reported
MDD: 31.6 MDD:
Tannous et al., (10.2), HC: 54.9%, HC: Not Not
2020 UK 117 | MDD vs. HC 31.5(10.5) 54.3% reported reported

Table 2a. Abbreviations: MDD: Major Depressive Disorder; MDE: Major Depressive Episode; HC: healthy
control; ELS: early life stress; MDDELS: participant with MDD and ELS; HCELS: healthy control with ELS

14 (70%) of included studies used the short form (28 questions) of the childhood trauma
guestionnaire (CTQ, Bernstein et al., 2003) to measure ELS, while 6 studies used another
measure. The vast majority of studies used a global composite score of ELS in their analyses
(such as total CTQ score) or presence/absence of ELS determined by meeting at least one
subscale cut-off of the CTQ (sexual abuse (SA), physical abuse (PA), emotional abuse (EA),
physical neglect (PN), or emotional neglect (EN); see Table 2b for details). Only three studies
conducted analyses on ELS subtypes (Aghamohammadi-Sereshki et al., 2021; Frodl et al.,
2010; Frodl et al., 2017), two studies limited ELS to sexual and/or physical abuse
(Vythilingam et al., 2002; Yuan et al., 2020), 1 limited analyses to sexual abuse, emotional
trauma and severe family conflict (Saleh et al., 2017), 3 did not report any subtypes ( Colle

et al., 2017; Croy et al., 2013; Hassel et al., 2017) while the remaining 11 studies reported
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subtypes of abuse present in the sample but did not use these in analyses. The precise

timing (age) of abuse was not reported in any of the included studies, though several

specified a maximum cut-off including puberty, 15, 16, or 18 years of age.

Table 2b. Controls and ELS

Study Control
(Authors) group (#) | Control definition ELS evaluation ELS subtypes ELS age
Childhood Trauma
Questionnaire (CTQ; Bernstein
& Fink, 1998) - (according to
accepted cut-off values, CTQ subtypes
44 HC Community sample HC (not Bernstein et al., 1994). But do listed but not
Bermingham | (N=18T mentioned if psychiatric not clarify how many subtypes used in Not
etal, 2012 carriers) | history assessed) cut-offs must be met for analyses reported
CTQ rated as present if one of CTQ subtypes
Community sample HC (not the subcategories: SA, PA, EA, listed but not
Carballedo mentioned if psychiatric PN or EN met cut-offs used in Not
etal, 2013 71 HC history assessed) (Bernstein et al., 1994). analyses reported
CTQ (rated as present if at least
one of the subcategories: SA, CTQ subtypes
46 HC PA, EA, PN or EN met cut-offs). listed but not
Chaney et (10 with No current/past psychiatric 20 MDD & 10 HC met for ELS used in Not
al., 2014 ELS) disorders (Axis | or Il) cut-offs analyses reported
CTQ (rated as present if at least
2 excluded any lifetime one of the subcategories: SA,
diagnosis of depression or PA, EA, PN or EN met cut-offs,
antidepressant use, 7 define these cut-offs in paper). Yes, separate
Frodl et al., excluded any current or past Also used total CTQ score as analyses for Not
2017 2078 HC | axis-I disorder dimensional variable subtypes. reported
Death of caregiver or child
abuse/maltreatment. Assessed
by 2 independent psychiatrists
using patient health records,
patients, family members,
No psychiatrists etc. ELS present if
healthy at least one instance of death of
Colle et al., control caregiver OR Not
2017 group NA abuse/maltreatment. Not reported reported
Interview by trained
No psychotherapists and CTQ
healthy (minimum average CTQ score of
Croyetal., control 11 representing 95th Not
2013 group NA percentile) Not reported reported
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Yes, did

separate
analyses for
physical and
emotional
neglect (but
not other
subtypes as
levels for
those very low
and did not
HC (nor their first-degree differ
Frodl et al., relatives) had any history of between MDD | <18 years
2010 44 HC neurological or mental illness. | CTQ and HC) old
Yes, listed
(emotional
neglect,
psychological
abuse,
715 HC physical
(123 abuse, sexual
NESDA, Anyone not meeting for MDD abuse) but not
Gerritsenet | 592 in past year considered a Nemesis Trauma Interview analysed <16 years
al., 2015 SMART) control (Spijker et al., 2002) separately old
No history of Axis | or Axis Il Childhood Experience of Care
Hassel et al., disorders as determined by and Abuse (CECA,; Bifulco et al., <18 years
2017 59 HC MINI 1994) Not reported old
CTQ subtypes
listed but not
used in
48 HC CTQ (meeting validated cut- analyses.
(HCELS, offs for moderate-severe ELS Most common
n=24; No current/past psychiatric exposure for at least one form of ELS
Luetal,, HC, disorders (Axis | or ) as subscale, Bernstein & Fink, was emotional | <16 years
2019 n=24) determined by SCID 1998). neglect. old
86 HC CTQ (meeting validated cut-offs
(HCELS, No current/past psychiatric for moderate-severe ELS CTQ subtypes
n=48; disorders (Axis | or ) as exposure for at least one listed but not
Luetal,, HC, determined by SCID, HAMD subscale, Bernstein & Fink, used in <16 years
2018 n=38) score <7 1998) analyses. old
No current/past psychiatric CTQ subtypes
disorders (assessed by SCID) listed but not
Opel et al., and <10 on BDI. No used in Not
2014 85 HC psychotropic medication cTQ analyses. reported
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19 subtypes of
ELS assessed.
Only 3
significantly
and
independently
predicted
MDD
diagnosis:
sexual abuse,
emotional
trauma and
severe family
conflict. These
3 subtypes
were focused
on in analyses

No history of psychiatric Modified Early Life Stress (labelled
Saleh et al., disorder or psychotropic Questionnaire (ELSQ Sanders & | ‘predictive <18 years
2017 53 HC medication use Becker-Lausen, 1995) ELS’). old
CTQ subtypes
Aghamoham No lifetime psychiatric listed and
madi- disorders and no psychosis or exploratory
Sereshki et mood disorders in first degree analyses of <18 years
al,, 2021 35 HC relatives CTQ (only measured in MDD) subtypes. old
Early Trauma Inventory
(Bremner et al., 2000) and Prepuberta
independent validation (e.g. ELS limited to | | (before
14 HC court, social services, medical physical first
Vythilingam | (without | No lifetime psychiatric records, family/friends) possible | and/or sexual | menstrual
etal., 2002 ELS) disorders for 52% of MDD participants abuse period)
Chinese version of the CTQ
(zhao et al., 2005). Validated
cut-off scores for moderate-
84 HC severe maltreatment for each CTQ subtypes
(HCELS: Absence of lifetime (past and | subscale was applied, meeting listed but not
Yang et al., 16, HC: present) psychiatric disorders | criteria for at least one subscale | used in <18 years
2017 68) (assessed by SCID) led to a rating of ELS. analyses. old
No validated measure,
44 HC (2 participants asked 2 yes/no
additiona questions: "Any history of
| HCELS physical and/or sexual abuse
were over your lifetime?", if yes, this | ELS limited to
excluded | Absence of lifetime (past and | was followed up with: "Did the physical
Yuanetal., from present) psychiatric disorders | abuse take place before 15 and/or sexual | Before age
2020 analyses) | (assessed by SCID) years of age?" abuse 15
CTQ subtypes
CTQ - categorised as ELS listed but not
Mikolas et participant if met cut-offs for at | used in <18 years
al., 2019 67 HC Not specified least 1 subscale of CTQ analyses. old
CTQ and 100-item semi CTQ subtypes
structured Traumatic listed but not
Teicher et Antecedents Questionnaire used in <18 years
al., 2012 NA NA (TAQ; Vanderkolk et al., 1991) analyses. old
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CTQ subtypes
No current or past history of listed but not
Tannous et Axis | disorders as determined used in

al., 2020 46 HC by SCID cTQ analyses.

<18 years
old

Table 2b. Abbreviations: HC: healthy control; ELS: early life stress; HCELS: healthy control with ELS; CTQ:
Childhood Trauma Questionnaire; SA: sexual abuse; PA: physical abuse; EA: emotional abuse; PN: physical
neglect; EN: emotional neglect.

All but one study (Croy et al., 2013) used Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV, American Psychiatric Association, 1994) criteria to diagnose MDD, 13 of
these using the Structured Clinical Interview for DSM-IV (SCID, First et al., 2002), 4 using the
Mini International Neuropsychiatric Interview (MINI; Lecrubier et al., 1997), one using the
Composite International Diagnostic Interview (CIDI; World Health Organisation, 1994), and
one multisite study (Frodl et al., 2017) using either the MINI or CIDI depending on study site.
All but two studies included only participants with a current major depressive episode
(MDE) at the time of the study in the MDD group, while one study limited MDD to within
the past year (but not necessarily current MDE at time of data collection, Gerritsen et al.,
2015) and another did not distinguish between past or present MDD (Teicher et al., 2012).
10 studies included MDD participants on psychotropic medication, 7 studies included
exclusively unmedicated participants, and 3 studies did not report medication status. Of the
10 studies with medicated MDD participants, 6 controlled for antidepressant use in their
analyses (Aghamohammadi-Sereshki et al., 2021; Bermingham et al., 2012; Colle et al.,
2017; Frodl et al., 2017; Gerritsen et al., 2015; Opel et al., 2014) while four did not (Chaney
et al., 2014; Frodl et al., 2010; Mikolas et al., 2019; Tannous et al., 2020). For additional

details on comorbidities and MDD age of onset, see Table 2c.

Table 2c. MDD

MDD on anti-
MDD depressants
Study (Authors) group (#) | MDD evaluation (%) MDD comorbidities

MDD age of
onset
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28.2(15.4)/

44 MDD Clinical diagnosis based on DSM- 24.1(12.5)
Bermingham et (N=13T- | IV. Confirmed by independent None (all T-carriers/
al., 2012 carriers) psychiatrist using SCID interview 70.45% | exclusionary) not carriers
Clinical diagnosis based on DSM-
Carballedo et al., IV. Confirmed by independent None (all Not
2013 62 MDD psychiatrist using SCID interview | Not reported exclusionary) reported
MDD: 26.3
37 MDD SCID for DSM-IV for psychiatric (10.9),
Chaney et al., (20 with diseases (SCID-I) and for None (all MDDELS: 22
2014 ELS) personality assessment (SCID-II). 64.86% | exclusionary) (12.1)
All but one
sample
included Differed by sample: 4
participants excluded any other
on comorbid Axis-I Differed by
Differed by sample, 3x CIDI antidepressan | disorder, 3 permitted | sample,
interview, 4x SCID interview, 1 x | ts, which anxiety disorders, 1 ranged from
not reported, 1 study only ranged from had no exclusion 14.4 (2.9) -
Frodl et al., 2017 958 MDD | recruited HC. 17.3% - 86.7% | criteria. 38.3(13.2)
63 MDD Anxiety & personality
(MDDELS: disorders not
28, MDD | MINI ( DSM-IV ) and 218 on exclusionary, all
Colle et al., 2017 only: 35) | HDRS 54% | others exclusionary. 37.5 (+15.6)
23 MDD
(15 with
ELS, 8 Not
Croy et al., 2013 without) In-patient MDD Not reported None exclusionary reported
None (all
Frodl et al., 2010 43 MDD SCID for DSM-IV 86% | exclusionary) 40.1 (11.2)
183 MDD
(139
NESDA,
Gerritsen et al., 44 CIDI (DSM-IV), had to meet 26% NESDA, Not
2015 SMART) criteria in past year 7% SMART None exclusionary reported
MINI to assess current MDE, and
<23 on Montgomery-,&sberg
Depression Rating Scale None (all Not
Hassel et al., 2017 | 80 MDD (MADRS). Not reported exclusionary) reported
30 MDD
(MDD
ELS,
n=16; SCID for DSM-IV (had to meet for | Unmedicated
MDD, current MDD and current MDE), | for at least 2 None (all Not
Lu et al.,, 2019 n=14) evaluated by 2 psychiatrists weeks exclusionary) reported
82 MDD
(MDDELS, | SCID for DSM-IV (had to meet for MDDELS:
n=52; current MDD and current MDE), | Unmedicated 30.1(8.5),
MDD, evaluated by 2 psychiatrists, and | for at least 2 None (all MDD: 31.8
Lu et al.,, 2018 n=31) HAMD score of at least 20. weeks exclusionary) (7.5)
SCID for DSM-IV (current MDE) Not
Opel et al., 2014 85 MDD and >18 score on BDI 95.29% | Not reported reported
MINI (version 5.0) diagnosis of Unmedicated | Only anxiety
current MDD (based on DSM-IV) | for at least 4 disorders occurring before age
Saleh et al., 2017 51 MDD & psychiatric interview, age of weeks within MDE were 35
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onset before age 35, MADRS
score of >14

permitted, all other
disorders were
exclusionary.

Majority of

Aghamohammadi- Anxiety Disorders Interview comorbidities
Sereshki et al., Schedule for DSM-IV-Lifetime exclusionary, details Not
2021 35 MDD Version 71.40% | not reported. reported
Bipolar disorder,
schizophrenia and
schizoaffective
disorder were
exclusionary, other
comorbidities
(including anxiety
disorders, PTSD,
32 MDD eating disorders and
(21 MDD | Met for current MDD as assessed substance & alcohol
Vythilingam et al.,, | ELS, 11 by structured clinical interview abuse/dependence) Not
2002 MDD) for DSM-IV Unmedicated | were permitted. reported
Only secondary
84 MDD anxiety disorders
(MDDELS: permitted, all other
41, MDD: | SCID for DSM-IV (current MDE) disorders were Not
Yang et al., 2017 43) and HRSD score >17 Unmedicated | exclusionary. reported
7 comorbid social
anxiety disorder, 3
41 MDD comorbid panic
(17 disorder, 1 specific
MDDELS, | SCID for DMS-IV (current MDE) phobia, 1 Not
Yuan et al., 2020 24 MDD) | AND HRSD score >15 Unmedicated | agoraphobia. reported
DSM-IV criteria applied by
consultant, then confirmed by
Mikolas et al., independent researcher using None (all Not
2019 85 MDD SCID. 76.47% | exclusionary) reported
49 MDD
Teicher et al., (25% of SCID for DSM-IV axis | and Il Not
2012 sample) psychiatric disorders Unmedicated Not reported reported
Tannous et al., SCID for DSM-IV axis | psychiatric None (all Not
2020 71 | disorders 22.50% | exclusionary) reported

Table 2c. Abbreviations: MDD: Major Depressive Disorder; MDE: Major Depressive Episode; MDDELS:
participant with MDD and ELS; SCID: Structured Clinical Interview for DSM-IV; MINI: Mini International
Neuropsychiatric Interview; CIDI: Composite International Diagnostic Interview; HRSD: Hamilton Depression

Rating Scale.

In terms of neuroimaging acquisition, 3 studies used a 1.5T scanner, 9 used 3T, 1 used 4.7T,

4 used both 1.5T and 3T (due to multiple study sites), 1 used 7T, and 2 did not report MRI

field strength. 6 studies used manual tracing for cortical segmentation and calculation of

GMV, 7 used some version of FreeSurfer, 4 used the VBMS8 toolbox in SPMS8, 1 used a

combination of Freesurfer and manual tracing (depending on study site), 1 used both FSL
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FIRST and VBMS, and one used automated segmentation using SACHA software. 3 studies

took a whole brain approach, 2 studies conducted both whole brain and ROl analyses, and

15 conducted exclusively ROI based analyses (of which 14 included the hippocampus and/or

hippocampal subfields; see Table 2d for details). Studies differed in statistical approaches

and whether confounding variables were identified and controlled for (such as total

intracranial volume (ICV), and, depending on sample characteristics, medication status, age,

gender, and others; see Table 2d for details).

Table 2d. MRI acquisition and data analysis/statistics

MRI field ROl or whole | Statistics: confounding variables
Study (Authors) strength Software used for analysis brain controlled for in analyses
Controlled for age, gender,
Manual tracing of bilateral medication status, total ICV (all
hippocampus (whole, head, ROI covariates in ANCOVA). Post hoc
body, tail) using software (hippocampus | ANCOVA carried out for any
Bermingham et BRAINS2. Tracers were blind to whole, body, significant interactions, using
al., 2012 3T participant group assignment. head, tail) Bonferroni corrections.
Software package ANALYZE was
used for image processing.
Manual tracing of bilateral
1.5T hippocampus (whole, head, ROI
(Munich), | body, tail) using software (hippocampus
Carballedo et al., 3T BRAINS2. Tracers were blind to whole, body, Controlled for age and gender
2013 (Dublin) participant group assignment. head, tail) (covariates in ANCOVA)
Whole brain &
ROI
(hippocampus,
anterior
cingulate
cortex (ACC),
dorsolateral
prefrontal
cortex
(DLPFC),
dorsomedial
prefrontal
cortex Controlled for age and gender
(DMPFC) and (covariates in ANCOVA). Corrected for
Chaney et al., SPMS8 (VBMS toolbox used for orbitofrontal multiple comparisons. Did not correct
2014 3T segmentation) cortex (OFC) for ICV or medication status.
7 ROI (nucleus
accumbens, Controlled for total ICV, age, gender
FreeSurfer (version 5.0 and amygdala, & imaging site. Also did additional
higher) semi-automated caudate analysis comparing with and without
6x3T,3 processing and segmentation nucleus, antidepressant medication. Corrected
Frodl et al., 2017 x 1.5T pipeline hippocampus, | for multiple comparisons.
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pallidum,

putamen,
thalamus)
SACHA software used for
automated segmentation of Controlled for total brain volume,
1.5T and | hippocampus . SPM5 used to ROI: age, gender, medication and other
Colle et al., 2017 3T assess total brain volume hippocampus | factors)
AMIRA 3D visualisation and
modelling system (Visage
Imaging) used to outline left and
right OB, manual tracing used to | ROI: olfactory | Controlled for depression (BDI) but
Croy et al., 2013 1.5T ascertain volume. bulb not ICV or any other variable
Software package ANALYZE was
used for image processing.
Manual tracing (blind to group
status)of bilateral hippocampus | ROI:
using software BRAINS2. Whole | (hippocampus)
brain VBM analysis performed and whole Controlled for age, gender and total
Frodl et al., 2010 1.5T using VBMS5 toolbox in SPMS5. brain brain volume as covariates
ROI:
hippocampus Controlled for age, sex, education,
SMART: manual outlining of (proper, blood pressure, smoking status,
1.5T hippocampus (2 investigators, subiculum, alcohol intake, diabetes,
(SMART), | blind to group status); NESDA: fimbria, antidepressant use, white matter
Gerritsen et al., 3T FreeSurfer to calculate ICV and alveus, volume, MMSE scores (Mini Mental
2015 (NESDA) hippocampal subfield volumes dentate gyrus) | State Examination)
Freesurfer used for processing,
segmentation of hippocampus, Controlled for variables including age
and calculation of total ROI: and total ICV according to
Hassel et al., 2017 | 3T intracranial volume(ICV) hippocampus standardised ENIGMA protocol
Controlled for age, gender,
Luetal., 2019 3.0T VBMS toolbox in SPM8 Whole brain educational level but not total ICV
Controlled for age, gender,
Luetal., 2018 3.0T VBMS toolbox in SPM8 Whole brain educational level but not total ICV
All analyses controlled for ICV (did
FSL-FIRST (automated not control for medication but no
not segmentation) and VBM8 ROI: effect of medication on GMV or
Opel et al., 2014 reported | (SPMS8) hippocampus interaction with ELS)
ROIs: ACC,
OFC,
amygdala,
not FreeSurfer (version 5.1) used to | hippocampus, | Controlled for diagnosis, age, sex, and
Saleh et al., 2017 reported | calculate GMV of ROls and ICV caudate ICV
Normalised raw volumetric
Manual delineation of amygdala | ROI: amygdala | measurements to ICV; compared
Aghamohammadi- subnuclei and hippocampal and medicated to unmedicated MDD;
Sereshki et al., subfields (cornu ammonis, hippocampus controlled for ICV in all analyses
2021 47T subiculum, dentate gyrus) subfields (included as covariate in ANCOVA)
ROI:
Software package ANALYZE was | hippocampus
used for image processing. (whole
Manual tracing (blind to group hippocampus, | Controlled for age, race, PTSD,
Vythilingam et al., status)of hippocampus. body, and alcohol/substance dependence, and
2002 1.5T Hippocampus was further head). whole brain volume
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segmented into head, body, and
tail.

Controlled for age, total GMV,

Yang et al., 2017 3T VBMBS toolbox in SPM8 Whole brain educational level
ROI:
Freesurfer (version 6.0) used for | hippocampus Controlled for age, sex, sequence,
hippocampal subfield whole & total intracranial volume (TIV), abuse
Yuan et al., 2020 3T segmentation subfields group or diagnostic group
Freesurfer: version 5.3 used for
whole brain segmentation and ROI:
version 6 dev. used for hippocampus
Mikolas et al., hippocampal subfield whole & Controlled for study site, sex, brain
2019 3T segmentation subfields volume
Freesurfer (version not
specified) used for cortical ROI:
reconstruction and volumetric hippocampus
Teicher et al., segmentation, including whole & Controlled for subcortical GMV, age,
2012 3T hippocampal subfields subfields gender and socioeconomic status
ROI:
hippocampus
whole &
subfields
Freesurfer (version 6.0) used for | (selected 8/12
Tannous et al., hippocampal subfield subfields a Controlled for age, gender, total
2020 7T segmentation prior) intracranial volume

Table 2d. Abbreviations: |CV: intracranial volume; ROI: region of interest; GMV: grey matter volume; ANCOVA:
analysis of covariance; SPM: Statistical Parametric Mapping.

3.4. Main findings

Table 3 summarizes the main findings and conclusions of each study and also lists possible

limitations/risks of bias for each study.

3.4.1 Hippocampus

The most commonly investigated region was the hippocampus (14/20 studies included the

hippocampus as an ROIl). Combined with 5 further studies that conducted whole brain

analyses, this results in 19 studies (all but Croy et al., 2013 which focused exclusively on the

olfactory bulb) that can address whether hippocampal GMV changes are associated with ELS

and/or MDD. While study design and variables slightly vary for each study, a general trend
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of ELS driving hippocampal volume reduction irrespective of diagnosis can be clearly
observed, and in studies within MDD alone, individuals with MDD and ELS appear to have
lower hippocampal volume than those without ELS exposure. Specifically, eight studies
found that ELS was driving hippocampal volume reductions, irrespective of MDD diagnosis
(Bermingham et al., 2012; Carballedo et al., 2013; Chaney et al., 2014; Lu et al., 2018; Opel
et al., 2014; Teicher et al., 2012; Vythilingam et al., 2002; Yuan et al., 2020). Furthermore,
six studies found that ELS was associated with decreased hippocampal volume in MDD (i.e.
MDDELS had significantly smaller hippocampal GMV than MDD only; Aghamohammadi-
Sereshki et al., 2021; Colle et al., 2017; Frodl et al., 2010; Gerritsen et al., 2015; Hassel et al.,
2017; Saleh et al., 2017). Of the remaining 5 studies, 4 reported null results — 2 were whole
brain analyses that did not identify hippocampal GMV as an area affected by MDD or ELS (Lu
et al.. 2019; Yang et al., 2017) and two were ROI studies that similarly found no effect of
MDD or ELS on hippocampal GMV (Frodl; et al., 2017; Tannous et al., 2020). Interestingly,
one study that reported significant effects of ELS on hippocampal GMV (irrespective of
MDD) in their ROl analyses, did not find any significant areas (including the hippocampus) in
their whole brain analyses after correcting for family wise error (FWE; Chaney et al., 2014).
Finally, only a single study reported increased hippocampal GMV in MDDELS compared to

MDD (Mikolas et al., 2019).

3.4.2 Hippocampal subfields

Five included studies investigated hippocampal subfields as part of their ROl analyses. The
most replicated finding was significantly reduced cornu ammonis (CA1-3) GMV associated
with ELS — due to study design, this was limited to MDD in two studies as they did not

include a HCELS group or did not measure ELS in HC (Aghamohammadi-Sereshki et al., 2021;
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Yuan et al., 2020), while the third study reported decreased CA2-3 GMV in ELS, irrespective
of MDD (Teicher et al., 2012). The dentate gyrus and subiculum was further implicated by
two studies, again showing decreased GMV associated with ELS (in MDD: right DG and left
subiculum, Aghamohammadi-Sereshki et al., 2021; and irrespective of diagnosis: bilateral
CA4-DG, left presubiculum, and subiculum, Teicher et al., 2012). Echoing their findings from
the whole hippocampus reported above, a single study found the opposite effect of ELS
increasing GMV in cornu ammonis and DG subfields in depressed participants while MDD
with no history of ELS showed decreased GMV in these areas compared to HC (Mikolas et
al., 2019). Finally, one study reported no effect of MDD or ELS on hippocampal subfields,

just as they had reported for the hippocampus whole (Tannous et al., 2020).

3.4.3 Other brain regions

Eight studies revealed additional brain regions associated with ELS and/or MDD in either ROI
(5 studies) or whole brain analyses (3 studies). Of these, only three described areas that
were associated with increased GMV in ELS, including the dorsomedial prefrontal cortex
(DMFC; Chaney et al., 2014; Lu et al., 2018), dorsolateral prefrontal cortex (DLPFC; Yang et
al., 2017), left cerebellum anterior lobe (Yang et al., 2017) and the supplemental motor area
(SMA; Lu et al., 2018). However, it should be noted that others found decreased left DLPFC
in ELS, irrespective of diagnosis (Lu et al., 2018). Other brain areas identified were all
associated with a decrease in GMV in ELS, including the caudate (Frodl et al., 2017; Saleh et
al., 2017; both irrespective of MDD diagnosis), olfactory bulb (Croy et al., 2013; MDDELS <
MDD, no HC group), orbitofrontal cortex (OFC; Saleh et al., 2017; Yang et al., 2017; both
irrespective of MDD diagnosis), left posterior cingulate cortex (PCC) and left inferior

occipital gyrus (Yang et al., 2017; both irrespective of MDD diagnosis), and the right
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amygdala (Aghamohammadi-Sereshki et al., 2021; MDDELS<MDD, HC group without ELS

measure). Finally, only one study reported any main effects of MDD that were independent

of ELS, namely a decrease in GMV in the left medial prefrontal cortex (MPFC) and left

superior parietal lobule (Yang et al., 2017). Finally, it is important to note that two whole

brain analysis failed to identify a single brain region associated with GMV changes in MDD

and/or ELS (Chaney et al., 2014; Tannous et al., 2020).

Table 3. Main findings and limitations/risks of bias

Study (Authors)

Main findings

Conclusion

Limitations, risks of bias

Bermingham et
al., 2012

No main effect of diagnosis, ELS or BICC1
(bicaudal C homolog 1) gene, on
hippocampal volume. Right hippocampal
bodies of MDD and HC without ELS but
with T-allele of BICC1 were significantly
larger than those without T-allele. But,
MDD with T-allele & history of ELS had
significantly smaller hippocampal head
volumes compared to those without ELS.

The minor T-allele of
BICCI may have a
protective role
against hippocampal
GMV reduction in
MDD but this effect
is removed in ELS:
ELS associated with
hippocampal GMV
reduction in MDD &
HC, even when the
otherwise protective
T-allele is present.

Cut-off for ELS not well-defined.
No age range given for ELS.
Female/male ratios differed
significantly between T carrier
and not carrier group (but
gender included as covariate).
Majority on medication (though
included as covariate in
analyses). HC not assessed for
psychiatric disorders. Low levels
of ELS in MDD and even lower in
HC as not specifically recruited
any ELS groups.

Carballedo et al.,
2013

Main effect of MDD (smaller bilateral
hippocampal volume) compared to HC, but
not when controlling for ELS. Significant
effect of ELS: MDD and HC with ELS & met
allele showed significantly smaller
hippocampal volume than those without
ELS.

In individuals with
met allele, ELS leads
to decreased
hippocampal
volume, irrespective
of diagnosis.

HC not assessed for psychiatric
disorders. Statistics did not
control for total ICV. ELS
participants were significantly
older than non ELS. Low levels of
ELS in MDD and even lower in
HC as not specifically recruited
any ELS groups. Do not report
whether medicated or not.

Chaney et al.,
2014

Whole brain: no areas remained significant
after corrections. ROI: significant main
effect of ELS - smaller bilateral hippocampal
volumes in MDD and HC with ELS than
without. Also significantly larger right
DMPFC in ELS, irrespective of diagnosis.
MDDELS had significantly smaller
hippocampal volume than MDD only. No
significant difference in hippocampal
volume in MDD vs. HC (when not
controlling for ELS).

ELS is associated
with GMV changes in
bilateral
hippocampus
(decrease) and right
DMPFC (increase)
independent of sex,
age, and depression.

MDDELS had significantly higher
levels of CTQ scores than HCELS.
Statistics did not control for
total ICV or medication status
(despite majority medicated).
Small sample size once broken
down into four groups,
especially HCELS (n=10).

126




Frodl et al., 2017

Increased ELS exposure (total CTQ score)
was associated with significantly smaller
bilateral caudate volumes in females only,
irrespective of MDD (not significant in
males). This finding held even when
distinguishing between MDD with versus
without antidepressant medication. All
subcategories of ELS (EA, PA, SA, EN, PN)
had a significant negative correlation with
caudate volume, in particular EN & PN,
again independent from MDD, age, ICV and
imaging site. There was no significant
interaction between MDD & ELS or main
effect of MDD alone on any ROls.

ELS associated with
volumetric reduction
of caudate in
females, irrespective
of diagnosis.

Different MRI strengths used,
low levels of childhood trauma
(as not specifically recruited
high ELS groups), no information
on age of trauma exposure.

Colle et al., 2017

MDDELS had significantly smaller bilateral
hippocampal GMV than MDD only, even
when controlling for age, total brain
volume, age of MDD onset, antidepressant
medication, history of suicide attempt, MRI
acquisition method, and severity of MDD
(HDRS score). This association was only
significant for men, not women.

ELS is associated
with decrease
hippocampal volume
in males (but not
females) with MDD,
even when
controlling for
various other
potential
confounding factors.

No healthy control group (i.e.
without MDD, neither
with/without ELS), MDD were
in-patients in psychiatric setting
(may not be generalizable to
whole MDD population).

Croy et al., 2013

Olfactory bulb (OB) volume in MDDELS was
significantly decreased compared to MDD
only (20% reduction in volume).

Very small sample size, in-
patient MDD, did not control for
ICV, no HC group, manual
tracing of OB only rated reliable
for 6 MDD and 14 MDDELS (20
participants/23 included)

Frodl et al., 2010

No significant difference between MDD and
HC in hippocampal GMV. MDD with higher
levels of emotional neglect had significantly
smaller left hippocampal GMV than those
with lower levels of emotional neglect (also
significant in right hippocampus for male
MDD). There was also a significant main
effect of physical neglect: male MDD with
physical neglect had significantly smaller
hippocampal GMV compared to those
without physical neglect. In HC only,
physical neglect was significantly associated
with decreased prefrontal GMV (but not in
MDD). Both emotional neglect and brain
structural abnormalities independently
predicted cumulative illness duration.

PN and EN
associated with
reductions in
hippocampal volume
in MDD

Emotional and physical neglect
significantly higher in MDD
versus HC, other ELS subtypes
not significantly different (all
rather low levels in both
groups), did not control for
medication use.

Gerritsen et al.,
2015

MDDELS (but not MDD only) associated
with smaller hippocampal volume
compared to HC. MDDELS associated with a
3% (NESDA) and 6% (SMART) smaller
volume compared to both MDD alone and
HC. But no main effect of ELS alone in
either sample.

ELS appears to
moderate the
relationship between
MDD and
hippocampal volume
- specifically
individuals with both
MDD and ELS have
decreased
hippocampal volume

Nemesis trauma interview asks
only 1 yes/no question for each
type of trauma; MDD defined as
present in past 12months (so
possible not all in current MDE),
different field strength and
different MRI
processing/analysis methods
between two samples. Much
older sample, especially in the
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compared to those
with only MDD or
HC.

larger SMART study (mean age
61.5)

Hassel et al., 2017

MDD patients overall did not significantly
differ from HC in hippocampal GMV.
MDDELS had significantly decreased left
and total hippocampal volume compared
to MDD only.

MDD did not differ
from HC in
hippocampal GMV,
but MDD with ELS
had significantly
smaller left and total
hippocampal volume
than MDD without
ELS.

MDD had significantly more ELS
than HC. No information given
about medication status, no
information about
age/types/severity of ELS, no
mean ages given for either
group.

Lu etal., 2019

Significant main effect of ELS: smaller left
dorsolateral prefrontal cortex (DLPFC) in
ELS, irrespective of diagnosis.

Authors conclude
that decreased left
DLPFC GMV may be
a function of ELS
rather than MDD.

MDDELS had significantly higher
levels of ELS (CTQ scores) than
HCELS. Relatively small sample
size once broken down into 4
groups, especially in the two
MDD groups.

Luetal.,, 2018

ELS associated with decreased
parahippocampal gyrus/hippocampus GMV
and left cuneus GMV irrespective of
diagnosis.

Opposite finding of increased GMV in ELS
was found in the DMPFC and SMA.

Main effects of diagnosis: decreased GMV
in MDD in some areas (right medial
temporal gyrus) but increased GMV in
several other areas (left caudate, left
posterior lobe of the cerebellum, right
inferior temporal gyrus, and left lingual

gyrus).

Mixed findings: ELS
associated with
decreased GMV in
hippocampus and
left cuneus GMV,
irrespective of
diagnosis, but also
increases in GMV in
other areas. Similarly
MDD associated with
increased/decreased
volume in various
areas compared to
HC.

Relatively low levels of ELS
across all groups. Very low levels
of emotional, physical and
sexual abuse, most common
form of ELS was emotional
neglect. Despite larger group
numbers, no analyses were
performed for different types of
abuse. MDDELS participants had
significantly greater severity of
current depression (as
measured by HRSD scores) than
MDD only group.

Opel et al., 2014

MDD had significantly lower hippocampal
volume than ELS, however, this association
did not hold when ELS was regressed out.
ELS was significantly associated with
decreased hippocampal volume in both
MDD and HC.

Results suggest that
hippocampal GMV
reductions in MDD
may be explained by
ELS.

Vast majority of MDD on current
antidepressant medication
(although there was no effect of
medication on GMV); all MDD
were inpatients so possibly not
generalizable to general MDD
population.

Saleh et al., 2017

No significant differences in GMV in any a
priori defined ROIs between MDD and HC.
Also no main effect of total ELSQ score on
these ROIs. However, 'predictive’ ELS was
significantly associated with decreased
GMV in the left lateral OFC and right
caudate, irrespective of MDD. Furthermore,
there was a significant interaction between
diagnosis and predictive ELS in the
hippocampus: predictive ELS was
significantly associated with decreased left
(and trend for right) hippocampal GMV in
MDD but not HC. Additional exploratory
analyses of duration of exposure revealed
significant findings only for sexual abuse, in
which longer exposure to CSA was

Exposure to at least
one of 3 subtypes of
ELS (EA, SA, & severe
family conflict) were
significantly
associated with
decreased GMV of
the left lateral OFC
and right caudate,
irrespective of MDD
diagnosis. Predictive
ELS was also
significantly
associated with
decreased GMV in
the left hippocampus
in MDD only.

Significant differences in
demographics/clinical variables
between MDD and HC (MDD
group older, more medical
illnesses, higher ELSQ scores).
Only 10 HC (18.87%) but 62.7%
of MDD reported at least one
form of 'predictive' ELS
(emotional trauma, sexual
abuse, severe family conflict).
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significantly associated with decreased
caudate GMV.

Aghamohammadi-
Sereshki et al.,
2021

In MDD, total CTQ score significantly
correlated with reductions in GMV of the
whole hippocampus, hippocampal head
(but not body or tail). Within the
hippocampal head, the bilateral cornu
ammonis (CA1-3), right dentate gyrus (DG),
and left subiculum were significantly
negatively correlated with total CTQ score.
Exploratory ELS subtype analyses found
significant negative correlations between
emotional and physical abuse and
emotional and physical neglect with
hippocampal head and cornu ammonis
GMV. There were no MDD vs HC group
differences in total or amygdala subnuclei
volumes. Total CTQ was negatively
correlated with total right amygdala GMV
in MDD.

Findings suggest ELS
exposure in MDD
may lead to GMV
reductions in
subfields of the
hippocampal head
and right amygdala.

CTQ only assessed in MDD (not
in HC) so analyses on ELS limited
to MDD group. Main effects of
MDD analysed only for
amygdala subnuclei and not for
hippocampus (for which only
childhood adversity in MDD was
analysed). Medicated versus
unmedicated analyses only
performed for amygdala and not
hippocampus.

Vythilingam et al.,
2002

MDDELS had significantly smaller left
hippocampal GMV than MDD only (18%
reduction) and than HC (15% reduction).
Right and left hippocampal volumes were
similar in MDD only and HC groups (no
significant differences). Right hippocampal
volume was not significantly different
between all groups. After correcting for
multiple comparisons, there was no
significant correlation between
hippocampal GMV and total score on the
Early Trauma Inventory or physical, sexual,
and emotional subscale scores.

Reductions in
hippocampal volume
were exclusive to
women with MDD
and a history of
childhood physical
and/or sexual abuse
(and were not
observed in
individuals with
MDD without a
history of ELS).

Do not include HCELS group as a
control group; MDD groups
significantly older than HC
group, high percentage of
comorbidities in MDD groups

Yang et al., 2017

Main effect of MDD (decreased GMV in left
MPFC and left superior parietal lobule),
independent of age, total GMV, education
level and total CTQ score. Main effect of
ELS on left posterior cingulate cortex, right
medial OFC, & left inferior occipital gyrus
(decrease GMV), right DLPFC and left
cerebellum anterior lobe (increased GMV),
independent of MDD diagnosis.

Authors conclude
that ELS is associated
with structural
abnormalities in
frontolimbic regions
that are often
exclusively
attributed to MDD
diagnosis.

Much smaller group of HCELS
compared to other three
groups. The most common types
of ELS were physical and
emotional neglect, there were
significantly fewer instances of
sexual, physical and emotional
abuse.

Yuan et al., 2020

No main effect of diagnosis on
hippocampal total volume or subfields.
When divided into MDDELS and MDD only,
found no differences between MDD only
and HC in whole/subfield hippocampal
GMV, but there was a significant diagnosis
x region interaction for MDDELS versus HC.
Comparison between MDDELS and MDD
showed significantly smaller left CA1
volume in MDDELS versus MDD.

Authors conclude
that the left CA1 may
be particularly
sensitive to ELS,
independent of
MDD.

No HCELS group (only 2 HC met
for ELS so were excluded from
analyses). No validated measure
of ELS (simple yes/no question,
risk of bias, no information on
other subtypes, severity/age of
exposure). MDD and HC were
mostly matched on
demographics, but the MDD
group was significantly lower
educated than HC (p=0.017).
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Mikolas et al.,
2019

Overall reductions in hippocampal volumes
in MDD versus HC in the cornu ammonis
(CA1, CA3, CA4) and DG subfields while,
contrary to predictions, MDDELS showed
increased volumes in CA1, CA3 and DG.

MDD leads to
volume reductions in
several hippocampal
subfields compared
to HC; MDDELS
showed the opposite
pattern.

Majority of participants on
antidepressant treatment (and
not controlled for), very low
levels of ELS, especially in HC
group. Pooled data from 2 study
sites with different scanning
parameters and found that
results differed slightly between
two sites.

Teicher et al.,

Significant reductions in hippocampal
subfield GMV (most pronounced in left
CA2-3 and CA4-DG subfields, but also in the
left presubiculum and subiculum) were
driven by ELS and were not mediated by

ELS appears to
significantly
decrease GMV in
various hippocampal
subfields,
independent of

Relatively low levels of ELS
overall (since it was a
community sample), no
information of timing of MDD
(lifetime history only), as
expected, ELS was strongly
associated with MDD and
significantly lower levels of ELS
were experienced by individuals

2012 lifetime histories of MDD or PTSD MDD. without psychiatric diagnoses
Significant proportion of MDD
No effect of ELS or participants (23%) on
No differences in global hippocampal MDD on global antidepressant medication but
Tannous et al., volume or subfields in individuals with hippocampal volume | not controlled for in analyses.
2020 MDD or ELS compared to HC. and subfields Relatively low levels of ELS

Table 3. Abbreviations: ICV: intracranial volume; ROIl: region of interest; GMV: grey matter volume; ANCOVA:
analysis of covariance; HRSD: Hamilton Depression Rating Scale; CTQ: Childhood Trauma Questionnaire; SA:
sexual abuse; PA: physical abuse; EA: emotional abuse; PN: physical neglect; EN: emotional neglect; MDD:
Major Depressive Disorder; HC: healthy control; ELS: early life stress; MDDELS: participant with MDD and ELS;
HCELS: healthy control with ELS; DLPFC: dorsolateral prefrontal cortex; DMPFC: dorsomedial prefrontal cortex;
MPFC: medial prefrontal cortex; SMA: supplemental motor area; OFC: orbitofrontal cortex; CA1-3: cornu
ammonis; DG: dentate gyrus.

4, Discussion

4.1. Summary and discussion of main findings

The systematic review identified 5129 records, of which 20 met predefined eligibility criteria

and were included in the final analyses. All studies were assessed for risk of bias by two

independent reviewers (FG and KL) and met criteria for low risk of bias overall (Melo et al.,

2018). While there was considerable heterogeneity in study design and method that

prevented a meta-analysis, several key findings emerged in the systematic review. All but

one study included the hippocampus in their volumetric analyses (either as an ROI [14

studies] and/or as part of whole brain analyses [5 studies]). The vast majority of studies

confirmed our hypothesis that ELS appears to drive hippocampal volume reductions,
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independent of MDD diagnosis (reported by 8 studies; Bermingham et al., 2012; Carballedo
et al., 2013; Chaney et al., 2014; Lu et al., 2018; Opel et al., 2014; Teicher et al., 2012;
Vythilingam et al., 2002; Yuan et al., 2020), and an additional 6 studies reported significantly
smaller hippocampal GMV in depressed individuals (but not HC) with a history of ELS than
those without ELS (Aghamohammadi-Sereshki et al., 2021; Colle et al., 2017; Frodl et al.,
2010; Gerritsen et al., 2015; Hassel et al., 2017; Saleh et al., 2017). Notably, two of these
studies did not make comparisons to healthy controls since they either did not have a HC
group (Colle et al., 2017) or did not measure ELS in their HC group (Aghamohammadi-
Sereshki et al., 2021), making it impossible to ascertain whether ELS drives hippocampal
GMV reductions irrespective of MDD. The other 4 studies that found ELS was associated
with decreased hippocampal GMV in MDD did not find this association in HC (Frodl et al.,
2010; Gerritsen et al., 2015; Hassel et al., 2017; Saleh et al., 2017), however, ELS levels in
the healthy control groups were significantly lower than the MDD groups (a common
problem in the vast majority of studies). Furthermore, Hassel et al., 2017 found no
difference in hippocampal GMV between MDD and HC overall, only MDDELS had
significantly smaller GMV compared to both MDD and HC, suggesting that ELS may indeed

be the driving factor of volumetric reductions.

Of the 5 remaining studies that investigated the hippocampus, 4 reported null results (i.e.
no effect of MDD or ELS on hippocampal GMV (Frodl; et al., 2017; Lu et al.. 2019; Tannous
et al., 2020 Yang et al., 2017) while only a single study reported increased hippocampal
GMV in MDDELS versus MDD only (Mikolas et al., 2019). Interestingly, only 1 whole brain
analyses picked up hippocampus GMV differences in MDD and/or ELS (Frodl et al., 2010)

while the other whole brain analyses reported either no significant regions (null results) or
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identified other brain areas that survived family wise error (FWE) correction. One
explanation may be that hippocampal GMV changes are too subtle to be picked out at
whole brain level and survive stringent FWE corrections and are better identified in ROI
analyses (e.g. Chaney et al., 2014 found evidence of significantly decreased hippocampal
volume in ELS, irrespective of MDD, in their ROl analyses, but the hippocampus did not
survive FWE correction in their whole brain analyses). Conversely, only 3 ROl studies did not
report ELS driving volumetric reductions in the hippocampus (either irrespective or MDD or
within MDD), including two with null results (Frodl et al., 2017; Tannous et al., 2020) and
one with opposite findings (MDDELS>MDD hippocampal GMV, Mikolas et al., 2019). While
one of these studies controlled for medication use (and found this a significant factor
affecting hippocampal GMV when not controlled for, Frodl et al., 2017), the other two
included high levels of antidepressant use within their sample and did not control for this in
their statistical analyses (Mikolas et al., 2019; Tannous et al., 2020). Given that
antidepressant medication has been shown to change GMV in various regions including the

hippocampus (Boldrini et al., 2009; Frodl et al., 2008), this may affect overall results.

Another key replicated finding that emerged in the systematic review was that ELS was
associated with a significant GMV reduction of the cornu ammonis (CA1-3), dentate gyrus
(DG) and subiculum subfields of the hippocampus (Aghamohammadi-Sereshki et al., 2021;
Teicher et al., 2012; Yuan et al., 2020). While two of these studies did not include a HCELS
group or measure ELS in their HC group and hence were limited to making conclusions
within depressed groups, Teicher and colleagues (2012) reported reductions in GMV in ELS
irrespective of MDD diagnosis. These results are particularly of note given that studies of

depression have consistently implicated GMV reduction in the CA1-3 (Huang et al., 2013;
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Lim et al., 2012; Lindqvist et al., 2014) and DG (Huang et al., 2013; Treadway et al., 2015;
Lindgvist et al., 2014; Han et al., 2016), however, these studies did not measure or control
for ELS in their samples. It is hence possible, given the high levels of ELS commonly found in
MDD (Williams et al., 2016; Xie et al., 2018), that unmeasured ELS in these studies may at
least partially, if not perhaps fully, account for GMV reductions observed in CA1-3 and DG

subfields of the hippocampus.

Eight of the 20 reviewed studies included other brain areas in their analysis (either ROl or in
whole brain analyses). Given the heterogeneity of brain regions identified or selected as
ROIs, overall conclusions are more difficult to ascertain. However, a general trend emerged
that ELS was associated with GMV decrease in several areas, including in the caudate (Frodl
et al., 2017; Saleh et al., 2017) orbitofrontal cortex (OFC; Saleh et al., 2017; Yang et al.,
2017), left posterior cingulate cortex (PCC) and left inferior occipital gyrus (Yang et al.,
2017), which were all irrespective of MDD diagnosis. Only a single study reported any main
effects of MDD independent of ELS (decreased MPFC GMV; Yang et al., 2017), suggesting
that ELS may again be the driving factor of GMV changes in other brain areas in addition to

the hippocampus, rather than MDD.

4.2. Limitations

This systematic review sought to limit bias by following PRISMA guidelines, including a
thorough and systematic search of two grey literature databases (including unpublished
manuscripts, such as dissertations and abstracts), using well defined eligibility criteria, pre-
registering the systematic review protocol with PROSPERO, and applying a validated risk of

bias assessment tool for each included study. One of the key limitations in the conclusions
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drawn is that these are based on a systematic review and narrative synthesis, as a more
guantitative approach in the form of a meta-analysis was not possible in this case due to

heterogeneity of measures and study design of included studies.

4.2.1 ELS measure and potential memory bias

In terms of included studies, several limitations must be addressed. Firstly, all studies
assessed ELS retroactively, a common issue in ELS research, meaning there is potential for
memory bias. A prospective study analysing memory bias of traumatic events found that
people’s memories were very accurate for potentially traumatic events (in particular to
other, non-traumatic life events), however, this was measured in college students over a
limited 4-year period (Lalande & Bonanno, 2011). Another study comparing retroactively
reported childhood traumatic events in adults at two time points (over 10 years apart) and
found that 39% of individuals were inconsistent in reporting ELS, an effect that appeared
heightened in individuals who went on to develop mental health issues (including
depression) and work and chronic stress (Colman et al., 2015). Furthermore, a recent
systematic review found relatively poor agreement between retroactive and prospective
measures of ELS (Baldwin et al., 2019). Interestingly, this agreement appears to improve
significantly when interviews rather than questionnaires are used for retrospective
assessment (Baldwin et al., 2019). The majority (70%) of included studies in this systematic
review used the frequently applied CTQ which may hence be slightly more prone to risk of
memory bias. Only one study used additional outside sources to confirm ELS (such as
medical and court documents and statements from friends/relatives), which was possible
for 53% of participants (Vythilingham et al., 2002). Ideally, future studies would adopt a

similar external validation where possible or employ a prospective design. However, the
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limitations of access to such records, the fact that a lot of childhood abuse goes unreported,
and the difficult and expensive nature of conducting prospective studies, makes this a
challenge, and hence using well-validated measures, such as the CTQ, appears to still be one

of the more reliable, feasible methods for cross-sectional research studies.

Another issue often reported in ELS research including in the studies of this systematic
review is the fact that MDD tend to have greater levels of ELS than HC. This was true for the
vast majority of studies (Bermingham et al., 2012; Carballedo et al., 2013; Chaney et al.,
2014; Frodl et al., 2010; Lu et al., 2019; Lu et al., 2018; Vythilingham et al., 2002; Yang et al.,
2017), and even resulted in studies not including a HCELS group or not measuring ELS in
their HC participants (Mikolas et al., 2019; Yuan et al., 2020). In order to best address
whether ELS may be a driving factor of structural brain changes irrespective of MDD, ideally
both high and low levels of ELS in HC and MDD groups should be recruited, with comparable
levels between groups to avoid potential skewing of results. None of the included studies in
this review specifically recruited for ELS, rather they recruited MDD and HC groups and
assessed ELS subsequently and divided their participants into groups accordingly. In order to
avoid low levels of ELS in HC groups, more efforts in future studies should be made to

specifically recruit for HC with high levels of ELS.

Finally, in regard to ELS, recent research has highlighted the importance of both timing (age
at which ELS occurred, Andersen et al., 2008; Pechtel et al., 2014) and type of ELS (Cassiers
et al., 2018; Heim et al., 2013; Teicher et al., 2016) on structural brain changes, including
GMV. However, of the included studies, only three conducted analyses on ELS subtypes

(Aghamohammadi-Sereshki et al., 2021; Frodl et al., 2010; Frodl et al., 2017;), and three
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limited their analyses to a specific subtype(s) (Saleh et al., 2017; Vythilingam et al., 2002;
Yuan et al., 2020), whilst all others either did not report or conduct analyses on subtypes. It
is important to note that frequently the limiting factor for ELS subtype analysis is sample
size, as once broken down by subtype the groups are often underpowered for any
meaningful statistical analyses. Even for the three studies that conducted subtype analyses,
this was limited this to one or two due to low levels of exposure to certain types of ELS
(Frodl et a., 2010) or conducted as exploratory post-hoc analyses due to small sample size
(Aghamohammadi-Sereshki et al., 2021). Similarly, the precise timing of abuse was not
specified by any study apart from a maximum cut-off (varying between onset of puberty to
18 years of age). As such, this review could not identify any results concerning the potential

differing effect of certain ELS subtypes or age of exposure on GMV changes.

4.2.2 Controlling for confounding variables

Five studies did not control for total intracranial volume (ICV), which may potentially skew
results if underlying differences in total GMV exist between groups (Carballedo et al., 2013;
Chaney et al., 2014; Croy et al., 2013; Lu et al., 2018; Lu et al., 2019). Furthermore, while 6
of the 10 studies that included medicated MDD participants controlled for this in their
analyses, four did not (Chaney et al., 2014; Frodl et al., 2010; Mikolas et al., 2019; Tannous
et al., 2020), which may affect results given the potential of antidepressant medication to
reverse GMV reductions (Boldrini et al., 2009; Frodl et al., 2008). Ideally future studies may
seek to include only unmedicated MDD, or apply stringent statistical controls to ensure any

GMV changes observed are not potentially mediated by antidepressant use in MDD groups.

5. Conclusion
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This systematic review of 20 studies found that ELS is associated with hippocampal GMV
reductions (including the hippocampus proper and various hippocampal subfields) that
appear to be independent of MDD diagnosis. A limiting factor in firmly confirming this
finding is that many studies do not recruit a HCELS group or had low levels of ELS in their HC
group, making it more difficult to ascertain whether ELS may be an independent driving
factor of hippocampal volume reductions, irrespective of MDD. In those studies that did not
include a HCELS group, there was still a clear association between ELS and hippocampal
volume reduction (MDDELS<MDD) in the vast majority of included studies. In fact, out of 19
studies that included hippocampal volume analyses (either as an ROl or whole brain
analyses) only a single study reported contrary results (MDDELS> MDD; Mikolas et al.,
2019), while four studies reported null results (for either MDD or ELS) on hippocampal GMV
(Frodl; et al., 2017; Lu et al.. 2019; Tannous et al., 2020 Yang et al., 2017). Similar findings
emerged for hippocampal subfields, with an emerging trend towards GMV reductions of the
cornu ammonis, DG, and subiculum in ELS, independent of MDD, though more studies are

needed as only 5 studies included subfield analyses.

While research has largely focused on the GMV changes in the hippocampus to date, several
other key regions associated with ELS were identified in this systematic review (both from
whole brain and ROI approaches) and highlight the importance of broadening the scope of
future research to perhaps include these regions. Importantly, some of the key areas
identified, including the caudate, OFC, and PCC, were all found to have lower GMV in ELS,
independent of MDD diagnosis. In conclusion, this systematic review found that of studies
including MDD and ELS measures in their analyses of GMV, ELS appears to be the driving

factor in GMV reductions, most consistently reported in the hippocampus but also in several
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other key brain areas frequently implicated in depression. Previous research in MDD that
has cited reductions in GMV in these areas, particularly the hippocampus, may have been,
at least partially, misattributing these findings to MDD. The findings of this systematic
reviews highlight the need for future studies to include both measures of MDD and ELS in

their analyses.
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5. Appendix

Study (Authors)

Inclusion /exclusion criteria

Bermingham et al., 2012

Inclusion criteria: ages 18-65; exclusion criteria: history of neurological or comorbid
psychiatric disorders (Axis | or Axis Il), other severe medical illness, head injury, or substance
abuse

Carballedo et al., 2013

Inclusion criteria: ages 18-65; Exclusion criteria: history of neurological or comorbid
psychiatric disorders (Axis | or Axis Il), other severe medical illness, head injury, or substance
abuse

Chaney et al., 2014

Inclusion criteria: 18-65. Exclusion criteria: history of neurologic or severe internal disorders,
head injury or substance abuse.

Frodl et al., 2017

Differ slightly for each of the 9 samples (see MDD and HC definitions for details)

Colle et al., 2017

Exclusion criteria: bipolar disorders, psychotic disorders, current substance
abuse/dependence, organic brain syndromes, unstable medical conditions, and contra-
indications to MRI,

Croy et al., 2013

No olfactory disorders (as assessed using validated Sniffin' Sticks test)

Frodl et al., 2010

18-65, Exclusion criteria for all subjects were previous head injury with loss of
consciousness, earlier treatment with hydrocortisone, a history of alcohol or substance
abuse, and neurological diseases. Additional exclusion criteria for MDD: comorbidity with
other mental illnesses, (including bipolar disorders, personality disorders or psychotic
symptoms) and past electroconvulsive therapy.

Gerritsen et al., 2015

SMART: patients with coronary artery disease, cerebrovascular disease, peripheral arterial
disease or abdominal aortic aneurysm, and without magnetic resonance imaging (MRI)
contraindications. NESDA: current MDD in the past 6 months according to DSM-IV criteria.
Exclusion criteria for both patients and controls were the presence or history of major
internal or neurological disorder, dependency or recent abuse (past year) of alcohol or
drugs; hypertension (5180/130 mmHg), heavy smoker (55 cigarettes/day), and general MRI
contraindications.

Hassel et al., 2017

MDD exclusion criteria: Axis | diagnosis other than MDD as a primary diagnosis, Axis Il
diagnosis, substance abuse within past 6 months, history of neurologic diseases, head
trauma.

Lu etal., 2019

Exclusion criteria: significant medical illness; psychiatric axis-1 or axis-Il disorders (except
MDD in patients); alcohol or substance abuse; family history of bipolar disorder; history of
loss of consciousness; pregnant or breastfeeding women; history of seizures or family
history of epilepsy; any psychotropic medication or hormone; MRI contraindications; left-
handedness

Luetal., 2018

General inclusion criteria: 18-55 years, general exclusion criteria: substance abuse or
dependence, neurological or internal illness, MRI contraindications. Additional exclusion
criteria for MDD: family member with bipolar disorder.

Opel et al., 2014

Exclusion criteria: any history of severe neurological (e.g., concussion, stroke, tumour,
neuro-inflammatory diseases) and medical (e.g., cancer, chronic inflammatory or
autoimmune diseases, infections) conditions.

Saleh et al., 2017

Inclusion criteria: 20-50 years. Exclusion criteria: other lifetime DSM-IV Axis | disorders
(except comorbid anxiety symptoms occurring in context of depressive episodes), Axis Il
disorders, history of psychosis, acute suicidality, use of illicit substances in the last month,
ECT in the last 6 months, a family history of bipolar disorder, any unstable medical condition,
any history of neurological illness or head injury, or MRI contraindications.
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Aghamohammadi-
Sereshki et al., 2021

Age range 18-49; Exclusion criteria in MDD group: mild depressive episodes; psychotic or
atypical features; seasonal affective disorder; lifetime schizophrenia, bipolar disorder,
alcohol or substance dependence, anorexia nervosa, or predominant personality or anxiety
disorders; antipsychotic or mood stabilizer treatment; corticosteroid use; or significant
medical or neurologic diseases.

Vythilingam et al., 2002

Exclusion criteria: major medical iliness, significant head trauma, irregular menses, MRI
contraindication, hormonal (except contraceptives) or psychotropic medication.

Yang et al., 2017

Inclusion criteria (MDD): first episode depression; ages 18-45; right-handed; HAMD score
>17; MDD illness duration between 2 months - 2 years; no comorbid Axis | disorder (except
anxiety disorders); no psychotropic medication (except infrequent benzodiazepine use). HC:
No psychiatric disorders. Exclusion criteria all participants: significant medical illness,
neurological disease, head trauma, loss of consciousness, alcohol/substance abuse.

Yuan et al., 2020

Exclusion criteria (MDD): unstable medical conditions, alcohol/substance use disorder unless
in remission for >6 months, other lifetime (past/present) psychiatric disorder (except
comorbid anxiety disorders), pregnancy/breastfeeding, dementia, neurological disease or
head trauma with cognitive impairment, first-degree family history of schizophrenia, MRI
contraindications including claustrophobia. Exclusion criteria (HC): as above, additionally any
lifetime (past or present) DSM-IV axis | diagnosis (as assessed using SCID) or family history of
a mood or psychotic disorder.

Mikolas et al., 2019

Exclusion criteria: <18 or >65 years of age, history of neurological or comorbid Axis | or Il
psychiatric disorders, head injury, other severe medical illness or substance abuse.

Teicher et al., 2012

Inclusion criteria: unmedicated, right-handed, 18-25 years old, free from neurological
disease or head trauma resulting in loss of consciousness for more than a few seconds.
Exclusion criteria: high levels of drug or alcohol use, premature birth/birth complications,
maternal substance abuse during pregnancy, experience of multiple unrelated forms of
adversity (including natural disaster, motor vehicle accidents, animal attack, near drowning,
house fire, mugging, witnessing or experiencing war, gang violence or murder, riot, or
assault with a weapon.

Tannous et al., 2020

General inclusion criteria : 18-65 years old. General exclusion criteria: MRI contraindications,
pregnancy/breastfeeding. Additional inclusion criteria MDD: DSM-IV diagnosis of current
MDD without other Axis | comorbidities, no clinically significant risk of suicidal behaviour or
need for urgent treatment. Additional inclusion criteria HC: no current or past history of Axis
| disorders.

Appendix Table 1.0 Study inclusion/exclusion criteria
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ABSTRACT

Background: Studies have consistently found reductions in hippocampal volume in major
depressive disorder (MDD) and in early life stress (ELS), however, few studies have included
measures of both MDD and ELS in their samples, making it difficult to distinguish individual
contribution of each or possible interactions/additive effects. Studies of hippocampal
subfields have implicated regions of the cornu ammonis (CA1 -CA3) and the dentate gyrus
(DG) in both MDD and ELS. Findings in amygdala volume have been highly heterogenous to
date in both MDD and ELS and few studies exist investigating amygdala nuclei subregions.
Methods: 75 unmedicated female participants (26.51 * 6.32 years of age) were recruited
into four groups, depending on presence/absence of MDD and presence/absence of
childhood sexual abuse (CSA), and completed 3T MRI anatomical scanning. T1-weighted
MPRAGE scans were processed and segmented into hippocampal and amygdala subfields
using the FreeSurfer 7.0 processing stream.

Results: Results indicated significant volume reductions in several hippocampal head
subfields in CSA compared to no CSA, independent of MDD, specifically in the bilateral GC-
ML-DG head (4.5% reduction in left & 4.6% in right), the left presubiculum head (5.2%
reduction), left CA3 head (5.1% reduction), right CA4 head (4% reduction), and the left
whole hippocampal head (3.9% reduction). No significant volume reductions were seen in
the whole amygdala or its nuclei.

Conclusion: Findings suggesting that volume reductions in subfields of the hippocampal
head may be driven primarily by CSA rather than MDD diagnosis may shed a light on the
large literature that has found hippocampal volume reduction in MDD without controlling
for ELS as a potential confounding factor. This may highlight the need for new avenues for
treatment and timely interventions to prevent/lessen the detrimental effects of CSA (and
perhaps more generally ELS) on hippocampal volume and subsequent negative
consequences for illness progression and treatment response. Further research in larger
sample sizes is required to determine whether this effect replicates and whether timing of
abuse and type of ELS may have an effect on volume of the hippocampus (and possibly also
the amygdala) and their respective subregions.
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1. Introduction

Early life stress (ELS) is known to significantly increase the risk of various psychiatric
disorders including depression (Lindert et al., 2014; McCrory et al., 2017); in fact, a large
global epidemiological study calculated population-attributable risk proportions and
concluded that eradication of childhood adversity/trauma would lead to a 23% reduction in
mood disorders (Kessler et al., 2010). While childhood sexual abuse (CSA) usually occurs
alongside other types of abuse, studies suggest that CSA is associated with an increased risk
of psychiatric disorders during adulthood, even when controlling for other types of abuse
(Ferguson et al., 1996; Molnar et al., 2001). The precise mechanism underlying the
increased risk for depression and other psychiatric disorders following ELS exposure remains
unknown; one postulated theory is that stress-induced structural changes to the
hippocampus (and possibly also the amygdala) contribute to the pathogenesis of major

depressive disorder (MDD).

1.1. Hippocampal volume in ELS and MDD

Studies in MDD have overwhelmingly reported hippocampal volume reductions compared
to healthy controls (HC) (Bremner et al., 2000; Campbell et al., 2004; Videbech & Ravnkilde,
2004). Notable exceptions exist, with some studies failing to find any differences in
hippocampal volume between MDD and HC (Ashtari et al., 1999; Posener et al., 2003; Vakili
et al., 2000). Similarly to findings in MDD, reduced hippocampal volumes have been
consistently linked to ELS (for systematic reviews and meta-analyses, see Calem et al., 2017,
Paquola et al., 2016). It is important to note, however, that a caveat in these meta-analyses,

and more generally ELS research, is the different definitions and measures of ELS
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implemented in studies. While some have used global measures encompassing various
subtypes of ELS including physical/emotional/sexual abuse and physical/emotional neglect
(such as total score on the childhood trauma questionnaire (CTQ; Bernstein et al., 2003),
others have focussed more exclusively on one or a small subset of these types of childhood
trauma. Since different types of ELS have been found to differentially affect brain structure
(Cassiers et al., 2018; Heim et al., 2013; Teicher et al., 2016), this complicates conclusions
and comparisons that can be drawn between studies of ELS and grey matter volume (GMV).
Furthermore, timing of ELS may be another key factor, in addition to type of ELS, that may
affect GMV of certain structures. For instance, initial evidence suggests that there may be
sensitive periods during brain development at which CSA has the greatest detrimental effect
on the hippocampus, with one study reporting attenuated hippocampal volume following

CSA at ages 3-5 and 11-13 compared to healthy controls (HC) (Andersen et al., 2008).

1.2. Amygdala volume in MDD and ELS

Findings in amygdala volume in depression have been heterogenous and may in part reflect
differences depending on the duration of the disorder, with individuals with recurrent MDD
demonstrating a relative reduction in amygdala volume (Sheline et al., 1998) while
individuals during a first depressive episode demonstrating increased amygdala volume (as
compared to recurrent MDD or HC; Frodl et al., 2003). A meta-analysis of amygdala volume
in MDD found that inconsistent findings may also be partially explained by medication
status, with studies of medicated patients finding an aggregate increased amygdala volume,
whilst studies of unmedicated MDD showing the opposite (Hamilton et al., 2008). This,
however, does not appear to fully account for the differing findings of studies and more

research is needed to determine the directionality and specificity of structural changes to
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the amygdala in depression. There have been fewer studies investigating amygdala volume
in individuals with a history of ELS. One study found increased right, but not left, amygdala
volume in adults with ELS exposure aged 10-11 (predominantly in the form of emotional
neglect, parental verbal abuse, and physical neglect; Pechtel et al., 2014). This is in line with
animal studies that have found amygdala hypertrophy in macaques (Coplan et al., 2014) and
mice (Cohen et al., 2013) exposed to ELS, as well as rats exposed to 10-day chronic stress
paradigms (Vyas et al., 2003). However, a meta-analysis of 13 studies found contrary
evidence of reductions in amygdala volume in adults with a history of ELS (Paquola et al.,
2016), though the effects were less marked than for reductions in hippocampal volume.
Similarly, a recent study found ELS, in the form of exposure to violence, to be associated
with decreased hippocampal and amygdala volumes (Weissman et al., 2020). Interestingly,
studies of posttraumatic stress disorder (PTSD) have yielded similarly incongruent results of
amygdala volume, with several studies finding no difference to HC (Woon & Hedges, 2009),
attenuated volume compared to HC (Pavlisa et al., 2006; Rogers et al., 2009), and increased
volume compared to HC (Kuo et al., 2012). Part of the heterogeneity in amygdala volume
findings may stem from differences in type of ELS included in studies as well as
inconsistencies in controlling for potential confounding variables such as sex or psychiatric

disorders (Paquola et al., 2016).

1.3. Disentangling the effect of ELS and MDD on hippocampal and amygdala volume
While studies investigating changes to amygdala volume in ELS and MDD have produced
highly heterogenous results, likely due to differing methods and MDD patient
characteristics/type of ELS, reductions in hippocampal volume have been consistently

reported in both MDD and ELS samples. However, the vast majority of studies have merely
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investigated either MDD or ELS in isolation, without controlling for the other as a potential
mediating variable, and thereby making it impossible to disentangle the effects of ELS and
MDD on GMV changes. Initial findings from a small number of studies analysing both ELS
and MDD in the same sample appear to suggest that ELS may be driving hippocampal
reductions observed in MDD. In a study of 63 depressed patients, ELS was associated with
smaller hippocampal volume compared to absence of ELS in men, but not women (Colle et
al., 2017), though no control group was studied so conclusions were limited to patients with
current MDD. In a study comparing patients with MDD and HCs, Chaney and colleagues
(2014) found that ELS exposure predicted decreased hippocampal volume, independent of
depression, age, or sex. This finding was replicated in a study which found that hippocampal
volume reductions in MDD compared to HC were no longer significant when controlling for
ELS (measured as total CTQ score), which in turn independently predicted lower
hippocampal volumes in both MDD and HC (Opel et al., 2014). Similarly, another study
found significant reduction of left hippocampal volume in MDD participants with childhood
physical and/or sexual abuse compared to non-abused MDD participants and healthy
controls, while non-abused depressed subjects showed similar bilateral hippocampal
volumes to healthy participants (Vythilingam et al., 2002). Despite this evidence for ELS
possibly accounting for hippocampal GMV reductions observed in MDD, two studies failed
to replicate these findings, including a study reporting hippocampal volume reductions in
exclusively MDD but not ELS participants (Gerritsen et al., 2015), and a whole brain
volumetric analysis of 3036 participants in the ENIGMA study network, which found ELS to
predict decreased caudate volume (but no other subcortical structures), independent of
MDD diagnosis (Frodl et al., 2017). It should be noted, however, that the former consisted

of a significantly older and predominantly male (81%) sample, potentially complicating
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comparisons to other studies, and the latter included study samples of both medicated and
unmedicated MDD patients and heterogeneous exclusion criteria pertaining to present
comorbidities of psychiatric disorders. Furthermore, it should be noted that the reviewed
studies of hippocampal GMV in ELS and MDD included different age ranges of ELS exposure
and types of ELS, including death of a caregiver (Colle et al., 2017), any combination of
physical/emotional/sexual abuse and/or emotional/physical neglect (Chaney et al., 2014;
Frodl et al., 2017; Gerritsen et al., 2015; Opel et al., 2014), and restricted to physical and/or
sexual abuse (Vythilingham et al., 2002), and as such complicate study comparisons and
conclusions about whether effects are general to ELS or specific to a particular type of

maltreatment.

1.4. Hippocampal subfields and amygdala nuclei

Some of the reported inconsistencies of studies investigating amygdala and hippocampal
GMV in ELS and MDD may also be due to a lack of specificity in analysing the whole
amygdala/hippocampus structure rather than its anatomical subfields, which may be
differentially affected. Preclinical animal studies of chronic stress (Samuels et al., 2015; Vyas
et al., 2002; Vyas et al., 2003) and postmortem studies of depression (Boldrini et al., 2013)
have found dendritic atrophy and decreased arborisation in the cornu ammonis (CA1-CA3)
and dentate gyrus (DG) subfields of the hippocampus, suggesting that the neurotoxic effect
of stress may be specific to certain hippocampal subfields. These findings have been
replicated in a handful of studies that have investigated hippocampal subfields in MDD
patients which have found volumetric reductions of the DG (Huang et al., 2013; Treadway et
al., 2015; Lindqyvist et al., 2014; Han et al., 2016) and the lower cornu ammonis (CA1-3)

(Huang et al., 2013; Lim et al., 2012; Lindqvist et al., 2014). Similar subfields may be affected
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in ELS: a study of adolescent girls found significantly reduced volume of left CA3 in girls with
emotional trauma exposure (Malhi et al., 2019). Additional hippocampal subfields have also
been implicated in MDD, including decreased volumes of the presubiculum and subiculum

(Han et al., 2016) compared to HC.

Studies investigating amygdala nuclei GMV in ELS or MDD are sparse to date. One study
found a significant negative correlation between depressive symptom severity and GMV in
various amygdala nuclei (right lateral nucleus, left cortical nucleus, left accessory basal
nucleus, and bilateral corticoamygdaloid transition area) but failed to identify any group
differences between MDD and HC (Brown et al., 2019). Young adults at high risk for
psychiatric disorders were found to have significant negative correlation between severity
of childhood trauma (in particular CSA and physical abuse) and various amygdala nuclei,
particularly the basal regions (Nogovitsyn et al., 2020). However, since these studies
investigated either MDD or ELS exclusively and did not measure or control for the other, it is
unclear whether they may represent independent, cumulative, or mediating effects on GMV

in these subfields.

To our knowledge, only five studies have analysed hippocampal and/or amygdala subfields
in studies reporting at least some type of measure for both ELS and MDD. A study in healthy
young adults found a significant negative relationship between ELS exposure and volumes of
several hippocampal subfields, most notably the left CA2/CA3 and CA4/DG, independent of
lifetime MDD (Teicher et al., 2012). It must be noted, however, that the study consisted of a
community sample with low levels of ELS and lifetime MDD and it did not differentiate

between past or current MDD (Teicher et al., 2012). Similar findings were reported in a
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study using manual delineation which found a significant negative correlation between total
CTQ score in MDD participants and the bilateral cornu ammonis, right DG, and left
subiculum (Aghamohammadi-Sereshki et al., 2021). However, no comparison was made to
the HC group (as no CTQ scores were collected for HC) limiting these findings to within
MDD. Interestingly, while no group differences emerged between MDD and HC for total and
subfield amygdala volumes, CTQ scores were negatively correlated with right total amygdala
volume (but no subfields) in MDD (Aghamohammadi-Sereshki et al., 2021). Further evidence
for ELS driving volumetric reductions in hippocampal subfields, independent of MDD, was
found by Yuan and colleagues (2020) who reported no group differences in hippocampal
volume (whole and subfields) between MDD (~40% of whom met for ELS) and HC but found
significantly decreased left CA1 volume in abused versus non-abused MDD. ELS was defined
as having experienced physical and/or sexual abuse before age 15, however, no additional
measures of ELS were collected in either group, making it impossible to ascertain whether
other types of abuse/neglect may have been present in MDD or HC and may have

contributed to the findings.

It is important to note that two studies did not find evidence for ELS driving volumetric
reductions in hippocampal subfields in MDD. Mikolas and colleagues (2019) found overall
reductions in hippocampal volumes in MDD versus HC in the cornu ammonis (CA1, CA3,
CA4) and DG subfields (GCDG, ML) while, contrary to predictions, MDD patients with ELS
showed increased volumes in CA1, CA3 and ML. Importantly though, the majority of
participants were on antidepressant treatment and the study did not actively recruit for
patients with a history of significant ELS and as such had comparatively lower levels of ELS.

A relatively large (N=117) recent 7-Tesla imaging study found no differences in hippocampal
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subfields or global hippocampal volume in individuals with MDD or ELS compared to HC
(Tannous et al., 2020). These findings were unexpected given previous studies and meta-
analyses demonstrating hippocampal volume reduction in both MDD and ELS. Again, a
significant proportion (23%) of MDD participants were on antidepressant medication which
may partially explain null findings as antidepressant medication has been found to reverse
hippocampal GMV reductions (Frodl et al., 2008). Furthermore, the study did not actively
recruit for a HC/ELS group (i.e. high ELS exposure but no lifetime psychiatric disorder) and
hence, unsurprisingly, the MDD group had far higher levels of ELS than the HC (p<0.001),
making it more difficult to accurately tease out effects of MDD versus ELS on GMV. Finally, it
should be noted that the studies reviewed had relatively low levels of ELS as they did not
specifically recruit for high ELS exposure in either HC or MDD groups and included a large
variety of types of ELS, including predominantly physical and parental verbal abuse (Teicher
et al., 2012) total CTQ score (Aghamohammadi-Sereshki et al., 2021; Tannous et al., 2020)

and physical and/or sexual abuse (Yuan et al., 2020).

1.5. Aim and hypotheses

Whilst several studies have investigated GMV changes in the amygdala and hippocampus in
ELS and MDD, few studies have included measures of both in the same sample, making it
difficult to ascertain what is driving the observed effect. Furthermore, initial studies
including subfield analyses of these regions in ELS and MDD suggest effects may be localised
to particular subregions that are perhaps more susceptible to the deleterious effects of
stress induced glucocorticoids. Again, very few studies have included measures of both
MDD and ELS in their subfield analyses and those have yielded incongruent findings, likely

due to crucial differences in study design and variations in type of ELS studied. The aim of
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this original research study was to disentangle the effects of MDD and ELS on GMV in the
amygdala and hippocampus (both whole and their respective nuclei/subfields). Since
different types of ELS, age of exposure, and gender may affect brain structure including
GMV (Cassiers et al., 2018; Heim et al., 2013; Teicher et al., 2016), we aimed to more
specifically investigate the effect of CSA exposure at ages 5-14 (a potential sensitive period
for CSA’s effect on brain development; Andersen et al., 2008) on GMV in the amygdala and
hippocampus and their respective subfields. Furthermore, to more accurately attempt to
disentangle the relative individual contribution or interaction between CSA and MDD, we
recruited 4 groups with each combination of MDD/no MDD and CSA/no CSA. Based on the
literature, we hypothesised that reductions in GMV in the hippocampus, particularly in the
cornu ammonis and DG subfields, in MDD would be at least partially, if not fully, mediated
by CSA. Given the highly inconsistent previous findings pertaining to the amygdala and its
subfields, we did not have specific a priori directional hypotheses for this structure or its

nuclei.

2. Methods

2.1. Participants

Participants comprised 75 unmedicated women, aged 19-44, recruited from the Boston
area. Three additional women were enrolled in the study but were excluded from analyses

III

due to comorbid bipolar disorder (n=1), unreliable data (“professional” research subject,
n=1), and brain abnormalities discovered on the structural scan (confirmed by a radiologist,
n=1). Participants were assigned to four groups: (1) healthy controls with no history of

lifetime psychiatric disorder or ELS (HC, n=23), (2) individuals with current MDD and CSA

(MDD/CSA, n=18), (3) individuals with current MDD but no ELS (MDD, n=18), and (4)
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healthy controls with CSA but no history of lifetime psychiatric disorder (HC/CSA, n=16).
Presence of current and past psychiatric disorders were evaluated via Structured Clinical
Interview for the DSM-IV-TR Non-Patient Edition (SCID-IV-N/IP; First et al., 2002). Participant
groups did not significantly differ on demographic factors including age, race, years of

education or socioeconomic status (see Table 2 in the results section).

2.1.1. Inclusion/exclusion criteria

All participants were right-handed due to potential differences in brain morphology
according to handedness (Jang et al., 2017). Furthermore, a relatively limited age range (19-
44) was recruited due to the well documented effects of normal ageing on brain volume and
morphology (Fostenos et al., 2005; Galluzzi et al., 2008; Giorgio et al., 2010; Peters, 2006).
Exclusively female participants were recruited due to higher incidence rates of CSA in
females than males (Molnar et al., 2001; Pereda et al., 2009) and to control for possible sex
differences in brain morphometry (Ruigrok et al., 2014). In the MDD groups, participants
had to be at least 2 weeks off any psychotropic medication (6+ weeks for fluoxetine and 6+
months for neuroleptics). General exclusion criteria for all groups included pregnancy/risk of
pregnancy (determined by urine pregnancy test), MRI counter-indications, serious or
unstable medical illnesses (e.g. cardiovascular, hepatic, renal, respiratory, endocrine,
neurologic, or hematologic disease), seizure disorder, head injury or loss of consciousness,
abnormal results on metabolic panel or blood count (conducted at initial screening session),
and abnormal EKG. The following psychiatric history led to exclusion from any group:
current or past diagnoses of obsessive—compulsive disorder (OCD), attention deficit
hyperactivity disorder (ADHD), bipolar disorder, any psychotic disorder, substance

dependence, cocaine or stimulant abuse or use; any substance abuse within past 12
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months; current primary diagnosis of phobia, social anxiety, or generalised anxiety disorder
(GAD); lifetime diagnosis of anorexia; bulimia diagnosis within last 2 years. Diagnoses of
PTSD were permitted in the MDD and MDD/CSA groups if the traumatic incident occurred
after age 18. Please see appendix Table 2 for clinical comorbidities present in the MDD and
MDD/CSA group. A urine drug screen was conducted at each study visit and strict current

and past drug use criteria were applied (see appendix for details).

2.2. Procedures

The study took place at McLean Hospital, Belmont, MA, USA, and was approved by both the
Partners Healthcare and McLean Hospital Institutional Review Boards. Individuals
completed a comprehensive initial screening session during which eligibility and childhood
trauma were evaluated. Eligible participants were invited back for a second session during
which participants completed an MRI scan including anatomical scanning. The study was
part of a larger multimodal fMRI, EEG, and PET study with separate aims of investigating

reward-learning and stress response in women with childhood trauma.

2.3. Measures

2.3.1. Childhood sexual abuse and ELS

CSA was assessed in the interview version of the Traumatic Antecedents Questionnaire
(TAQ; Herman et al., 1989; Vanderkolk et al., 1991). Individuals were classed as meeting
criteria for CSA if they experienced at least one incident of contact sexual abuse between
the ages of 5-14 years. Contact sexual abuse was operationalised as reporting being forced,
coerced, or induced into contact (e.g., touching) activities that are reportedly sexual in

nature. Examples from the study include direct fondling, being coerced to engage in oral sex

159



acts, and being coerced to engage in vaginal sex. Events varied in severity/level of physical
intrusion and may have varied in subjective stressfulness. Severity was rated on a scale of 1
to 5, with 1 being ‘experienced as not upsetting’ to 5 ‘experienced as extremely severe’.
Additional instances of other types of abuse (e.g. physical and emotional) were not
exclusionary in the HC/CSA or CSA/MDD groups. The age range of 5-14 years for experience
of CSA was applied due to previous research highlighting this timeframe as a sensitive
window during which CSA appears to have significant effects on brain development,
associated with reductions in GMV in the hippocampus, corpus callosum, and frontal cortex
(Andersen et al., 2008). The TAQ was used to evaluate CSA age of onset, severity, and
duration for participants in the HC/CSA and MDD/CSA groups. The TAQ was also used to
confirm absence of any incidents of childhood sexual, verbal or physical abuse in the MDD
only and HC groups. The short form of the CTQ (Bernstein et al., 2003), a retrospective self-
report questionnaire that assesses 5 subtypes of childhood trauma
(physical/emotional/sexual abuse and physical/emotional neglect), was only collected
partway through the study and hence was missing for a third of participants, including the
vast majority of HC and MDD subjects as well as for 4 MDD/CSA and 1 HC/CSA. It hence was
used for descriptive purposes only to indicate levels of other forms of trauma in the CSA
groups. Previously validated and widely applied cut-off scores were calculated to indicate
significant levels of abuse/neglect in each subscale: >8 for physical abuse, >8 for sexual
abuse, 210 for emotional abuse, >8 for physical neglect, and >15 for emotional neglect

(Bernstein & Fink, 1998; Walker et al., 1999).

2.3.2. Neuroimaging data acquisition and processing
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After passing both a urine drug and pregnancy screen, participants completed an
anatomical MRI scan at the McLean Imaging Centre. A Siemens TrioTim 3T scanner with 32-
channel head coil was used to collect high-resolution T1-weighted MPRAGE scans
(TR=2200ms, TE=3.36ms, voxel size = 1.2 x 1.2 x 1.2 mm, flip angle = 7.0 deg, base resolution
=192, slices per slab = 144, field of view = 230mm). FreeSurfer software (version 7.0; Fischl,
2012) was used to process structural T1 data and calculate subcortical brain volume.
Volumetric neuroimaging data were pre-processed using the standard semi-automated
processing pipeline in FreeSurfer, separating grey matter from white matter and subcortical
structures (Maksimovskiy, 2019b). Following the cortical reconstruction process, quality
checks and manual inspection of each of the 75 subjects were conducted by the first author
(FG) in FreeView (FreeSurfer’s graphical visualisation tool). Any uncertainties were discussed
and resolved with ELB. The five possible errors include skull strip errors, segmentation
errors, intensity normalisation errors, pial surface misplacement and topological defect
(white surface errors). All individual slices in each plane (axial, saggital, coronal) were
carefully inspected for such errors. Minor manual corrections were needed for 38 subjects
(50.6%) of which the majority included edits to the brainmask only for skull strip and pial
corrections (n=34, 45.3%) and only 4 subjects (5.3%) required edits to the white matter
volume due to issues with white matter segmentation. All manual edits were made
according to the FreeSurfer Tutorial and clear outliers (as seen when overlaying
segmentations over the original T1 data for participants) were re-run (n=1) through the pre-
processing stage to remove errors. Subcortical volumes were calculated using the Desikan-
Killiany atlas (Desikan et al., 2006). Subcortical structures included in analyses were

corrected for total intracranial volume (eTIV, as computed by FreeSurfer) to adjust for any
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differences in head size and total GMV between subjects (Maksimovskiy, 2019a;

Maksimovskiy, 2019b).

2.3.2.1 Hippocampal subfield and amydala nuclei segmentation

The recently improved semi-automated algorithm from FreeSurfer 7.0 was applied to
conduct hippocampal subfields segmentation (lIglesias et al., 2015) and amygdala nuclei
segmentation (Saygin et al., 2017), which have been found to have excellent numerical and
spatial reliability (Buser et al., 2020). Joint, simultaneous segmentation of both the
hippocampus and amygdala prevents overlap and gaps between structures, a clear
improvement of the newly developed segmentation algorithm compared to previous
iterations of the FreeSurfer software. A list of the 19 hippocampal subfields generated is
listed in Table 1 (see appendix for a visualisation of these subfields). Amygdala
segmentation generated volumes for 9 nuclei: lateral nucleus, basal nucleus, accessory basal
nucleus, anterior amygdaloid area AAA, central nucleus, medial nucleus, cortical nucleus,

cortico amygdaloid transition, and the paraliminar nucleus.

Parasubiculum
Presubiculum head
Subiculum head
CA1l head

CA3 head HEAD
CA4 head

GC-ML-DG head
Molecular layer head
HATA

Presubiculum body
Subiculum body

CA1 body BODY
CA3 body

CA4 body
GC-ML-DG body
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Molecular layer HP body

Fimbria

Hippocampal tail TAIL
Hippocampal fissure FISSURE

Table 1: Hippocampal Subfields

Note: The CA2 is included in the CA3. Abbreviations: CA, cornu ammonis; GC-ML-DG,
granule cell (GC) and molecular layer (ML) of the dentate gyrus (DG); HATA, hippocampus-
amygdala-transition-area.

2.4. Statistical Analyses

All statistical analyses were performed using the Statistical Package for the Social Sciences
(SPSS) software, version 25. Repeated measures ANOVAs, with ROI (subfields) as within-
subjects factors and CSA and MDD as between-subject factors, were performed for the left
and right hemisphere for both amygdala and hippocampal subfields. Post-hoc independent
t-tests were performed to follow up any significant interactions obtained from the repeated
measures ANOVA. Separate univariate ANOVAs were performed for each hemisphere for

both the whole amygdala and the whole hippocampus. Significance threshold was set at

p<0.05. All means of hippocampal and amygdala volumes are given in mm?3.

3. Results

3.1. Demographics and clinical characteristics

Groups did not significantly differ on demographic factors including age, race, education, or
socioeconomic status (see Table 2). While there was no significant difference in CSA severity
between HC/CSA and MDD/CSA groups, the duration of CSA was longer in MDD/CSA (M =
5.18, SD = 3.046) than HC/CSA (M = 2.88, SD = 3.053), F(1,31)= 4.696, p= 0.038, np?= 0.132,
and CSA onset was earlier in MDD/CSA (M = 6.59, SD = 1.734) than HC/CSA (M = 8.94, SD =
3.549), F(1,31) = 5.949, p=0.021, np?= 0.161. There was a significant difference in the

percentage of participants meeting cut-offs for significant abuse/neglect in each CTQ
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subscale, with a significantly higher percentage of MDD/CSA participants meeting cut-offs
than HC/CSA (p<0.05 for all, see Table 2), apart from CSA which was met by 100% of
participants who completed the CTQ in both CSA groups. As expected, there was a
significant overall difference in total score of the Beck Depression Inventory-Il (BDI-Il; Beck
et al, 1996) between all four groups, importantly however, there was no significant
difference between HC (M = 1.461, SD = 1.825) and HC/CSA (M = 2.260, SD = 2.939), £(1,36)
=1.067, p = 0.309 or between MDD (M = 29.577, SD = 8.651) and MDD/CSA (M = 28.093, SD
=10.119), F(1,34) = 0.224, p= 0.639. Similarly, total score on the Hamilton Rating Scale for
Depression (HRSD; Hamilton, 1960) was not significant different between HC (M = 1.00, SD =
1.508) and HC/CSA (M = 1.56, SD = 2.502), F(1, 37) = 0.767, p= 0.387 or between MDD (M =
14.11, SD = 4.886) and MDD/CSA (M = 15.38, SD = 3.284), F(1.34) = 0.763, p= 0.389. There
was no significant difference in number of current major depressive episode (MDE)
symptoms between the MDD only (M = 6.00, SD = 1.414) and MDD/CSA groups (M = 5.118,
SD =1.35), F(1,33) = 3.551, p = 0.068, np?=0.097). There was also no significant difference
in number of lifetime MDEs between MDD (M = 3.35, SD = 3.427) and MDD/CSA groups (M

=3.58, SD = 3.029), F(1,27) = 0.035, p = 0.853, np?= 0.001).

Participants, Mean (SD)
Characteristic | HC (n=23) MDD HC/CSA MDD/CSA | Statistic P value Partial
(n=18) (n=16) (n=18) Eta
Squared
Age (years) 26.52 24.94 24.88 29.50 F=2.165 | p=0.100 | 0.084
(7.006) (5.418) (5.365) (6.410)
Caucasian (%) | 73.9 61.1 56.3 41.2 X2= p=0.218
4.439
Education 14.870 16.500 15.750 15.361 F=0.859 | p=0.467 | 0.035
(years) (4.7223) (2.9556) (1.6125) | (2.3998)
SES (yearly 47.636 51.083 47.188 45.528 F0.105 p=0.957 | 0.004
income, S, in (28.380) (35.699) (22.983) | (33.278)
thousands)

164




TAQ CSA NA NA 3.38 4.00 F=2.792 | p=0.105 | 0.083

severity (1.025) (1.118)

TAQ CSA NA NA 2.88 5.18 F=4.696 | p=0.038 | 0.132

duration (3.052) (3.046)

(years)

TAQ CSA onset | NA NA 8.94 6.59 F=5.949 | p=0.021 | 0.161

(age in years) (3.549) (1.734)

# (%) meeting | NA NA 4(25%) | 9(50%) |X%= p=0.042

CTQ cut-off for 4.144

EA

# (%) meeting | NA NA 2 (12.5%) | 7 (38.9%) | X*= p=0.033

cut-off for PA 4.549

# (%) meeting | NA NA 15 14

CTQ cut-off for (100%) (100%)

SA

# (%) meeting | NA NA 2 (12.5%) | 7 (38.9%) | X*= p=0.033

CTQ cut-off for 4.549

EN

# (%) meeting | NA NA 2 (12.5%) | 8 (44.5%) | X*= p=0.013

CTQ cut-off for 6.152

PN

BDI-II* 1.461 29.577 2.260 28.09 F=98.34 | p=0.00 0.808
(1.825) (8.651) (2.939) | (10.119)

HRSD** 1.00 14.11 1.56 15.38 F= p =0.00 0.823
(1.508) (4.886) (2.502) | (3.284) 107.159

Table 2. Demographics and clinical characteristics

Abbreviations: SES, socioeconomic status; BDI-1l, Beck Depression Inventory-Il (Beck et al,
1996); HRSD, Hamilton Rating Scale for Depression (Hamilton et al., 1960); MDD, major
depressive disorder; CSA, childhood sexual abuse; HC, healthy control; NA, not applicable;
TAQ, Traumatic Antecedents Questionnaire (Herman et al., 1989; Vanderkolk et al., 1991);
CTQ, childhood trauma questionnaire; EA, emotional abuse; PA, physical abuse; SA, sexual
abuse; EN, emotional neglect; PN, physical neglect. Note: CTQ scores were missing for 1
HC/CSA and 4 MDD/CSA.

3.2. Hippocampal subfields GMV

3.2.1. Left hemisphere hippocampal subfields

While there was no significant ROI*MDD or ROI*MDD*CSA interaction in left hippocampal
subfields (all p>0.05), there was a significant ROI*CSA interaction, F(20,1420)=2.402,
p<0.001, np? = 0.033. Pairwise follow up comparisons of each subfield revealed smaller

volume in CSA (M=129.909, SD=11.369) than no CSA (M=137.096, SD=14.443) in the left
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presubiculum head: t(73)=2.358, p=0.021; smaller volume in CSA (M=150.022, SD=13.527)
than no CSA (M=157.052, SD=15.529) in the left GC-ML-DG head, t(73)=2.068, p=0.042; and
smaller volume in CSA (M=117.620, SD=12.767) than no CSA (M=123.948, SD=13.335) in the
left CA3 head, t(73)=2.085, p=0.041. The left whole hippocampal head (consisting of all head
subfields) was significantly smaller in CSA (M=1629.042, SD=129.241) than no CSA
(M=1695.182, SD=137.698), t(73)=2.129, p=0.037. While not statistically significant, there
were also trends in the left CA4 head, with smaller volume in CSA (M=125.615, SD=11.471)
than no CSA (M=130.998, SD=12.189), t(73)=1.955, p=0.053; and the left molecular layer HP
head, once again with smaller volume in CSA (M=319.005, SD=26.968) than no CSA
(M=331.233, SD=26.466), t(73)=1.975, p=0.052. In percentages, CSA was associated with
volumetric reductions of 5.24% in the left presubiculum head, 4.476% in the left GC-ML-DG
head, 5.105% in the left CA3 head, and 3.902% in the left whole hippocampal head. The
trends observed in the left CA4 head and the left molecular layer HP head represented

4.109% and 3.691% reductions in volume in CSA compared to no CSA, respectively.

3.2.2. Right hemisphere hippocampal subfields

As in the left hemisphere, there were no significant ROI*MDD or ROI*MDD*CSA interactions
in right hippocampal subfields (all p>0.05), but again there was a significant ROI*CSA
interaction, F(20,1420)=1.683, p=0.030, np? = 0.023. Post hoc follow up tests for each
subfield found significant volumetric differences in the right GC-ML-DG head, which was
smaller in CSA (M=153.409, SD=12.666) than no CSA (M=160.783, SD=15.683), t(73)=2.252,
p=0.027, and in the right CA4 head, which was also smaller in CSA (M=127.689, SD=10.416)
than no CSA (M=132.968, SD=12.382), t(73)=2.005, p=0.049. While not statistically

significant, there were also trends in the right whole hippocampal head, with smaller
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volume in CSA (M=1677.429, SD=227.649) than no CSA (M=1734.383, SD=125.076),
t(73)=1.945, p=0.056; and the right CA3 head, again with smaller volume in CSA
(M=123.402, SD=12.191) than no CSA (M=129.813, SD=16.254), t(73)=1.898, p=0.055. In
percentages, CSA was associated with volumetric reductions of 4.586% in the right GC-ML-
DG head and 3.970% in the right CA4 head. The trends observed in the right whole
hippocampal head and the right CA3 head represented 3.284% and 4.939% reductions in

CSA compared to no CSA, respectively.
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Figure 1. Hippocampal subfield volumes in CSA and no CSA. * indicates significance,
p<0.05, LH = left hemisphere, RH = right hemisphere.
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Figure 2. Left & right whole hippocampal head volume in CSA and no CSA. * indicates
significance, p<0.05, LH = left hemisphere, RH = right hemisphere.

3.3. Amygdala nuclei GMV

There were no significant interactions for left hemisphere nuclei, however, there was a
significant ROI*CSA interaction in the right hemisphere nuclei, F(8,568)=2.336, p=0.018, np?
= 0.032. Post hoc pairwise comparisons for each right hemisphere nuclei yielded no
significant differences, however there was a trend for smaller basal nucleus volume in CSA
(M=415.798, SD=33.898) versus no CSA (M=429.599, SD=36.892), t(73)=1.673, p=0.096 and
similarly a trend for smaller paralaminar nucleus volume in CSA (M=46.756, SD= 3.811)
versus no CSA (M=48.403, SD=4.269), t(73)=1.745, p=0.082. Inspection of means (see Table
3) demonstrates that the majority of nuclei (with the exception of central, medial and
cortical nuclei) were smaller in CSA than absence of CSA, albeit not reaching statistical

significance in the aforementioned post hoc tests for each nuclei.
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ROI (right hemisphere) Mean Std. Error

No CSA  Lateral nucleus 646.006 8.238
Basal nucleus 429.924 5.663
Accessory Basal nucleus 257.044 3.589
Anterior amygdaloid area AAA 55.619 1.135
Central nucleus 41.028 0.933
Medial nucleus 18.628 0.806
Cortical nucleus 24.373 0.5
Cortico amygdaloid transition 175.108 2.777
Paralaminar nucleus 48.427 0.647

CSA Lateralnucleus 627.237 8.995
Basalnucleus 415.906 6.183
Accessory Basal nucleus 251.155 3.919
Anterior amygdaloid area AAA 52.723 1.24
Central nucleus 41.546 1.019
Medial nucleus 19.072 0.88
Cortical nucleus 24.974 0.546
Cortico amygdaloid transition 172.492 3.032
Paralaminar nucleus 46.78 0.707

Table 3. GMV of right amygdala nuclei by CSA presence/absence

3.4. Whole amygdala and hippocampus GMV
There was no significant main effect or interaction of MDD or CSA on whole amygdala
volume or on whole hippocampus volume for either the right or left hemisphere (p>0.05 for

all).

4. Discussion

Analyses of hippocampal subfields revealed a pattern of decreased volume in CSA versus no
CSA in various locations of the hippocampal head, independent of MDD. Specifically, GMV
was significantly reduced in the bilateral GC-ML-DG head, the left presubiculum head, left
CA3 head, and right CA4 head, in CSA versus no CSA. In line with findings that individual
subfields reaching significance were all located in the hippocampal head (and none in the

body or tail), the left whole hippocampal head (and trending in the right), showed
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decreased volume in CSA versus no CSA. There was no main effect of MDD or interaction
between MDD and CSA in any subfields, suggesting that, at least in this sample, CSA, and
not MDD, was the driving factor behind volumetric reductions in several hippocampal

subfields.

As expected, the subfields demonstrating volumetric reductions in CSA included subfields of
the dentate gryus (GC-ML-DG head and CA4 head) and cornu ammonis (CA3). These
subregions appear to be particularly sensitive to the deleterious effects of stress as
demonstrated by dendritic atrophy in translational animal studies of chronic stress (Samuels
et al., 2015; Vyas et al., 2002; Vyas et al., 2003). This has been replicated in several studies
of MDD which found volumetric reductions of the DG (Huang et al., 2013; Treadway et al.,
2015; Lindqvist et al., 2014; Han et al., 2016) and the lower cornu ammonis (CA1-3) (Huang
et al., 2013; Lim et al., 2012; Lindqvist et al., 2014), and ELS (Malhi et al., 2019; Travis et al.,
2016). As discussed previously, these studies did not include measures of both depression
and ELS, making it impossible to discern the relative contribution of each on hippocampal
subfields GMV reductions. The few studies that did include measures of both ELS and MDD
have yielded inconsistent findings, though this may be due to differences in sample
characteristics, such as including patients on anti-depressant medication and with low levels
of ELS (Tannous et al., 2020; Mikolas et al., 2019). Our findings are in line with a study by
Teicher and colleagues (2012) in which ELS (predominantly in the form of physical abuse and
parental verbal abuse) was associated with reductions in the left CA2/3 and CA4/DG,
independent of lifetime MDD diagnosis. The size of these volumetric reductions were
comparable to those in the present investigation in which we found a 5.24% reduction in

volume of the left CA3 head, a 4.476% and 4.586% reduction in the left and right GC-ML-DG
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head, respectively, and a 3.870% reduction in right CA4 head. Interestingly, Teicher and
colleagues (2012) also identified a significant reduction in presubiculum volume in ELS which
was comparable to our finding of a 5.24% reduction in the left presubiculum head in CSA
versus no CSA. A recent study in MDD also found reductions in presubiculum volume (in
addition to cornu ammonis, GC-ML-DG, and CA4) though no measure of ELS was included
(Han et al., 2019). There is some evidence that the presubiculum and subiculum, especially
ventral regions (another term for the head, Zeidman & Maguire, 2016), play a key role in
regulation of the HPA-axis (Herman et al., 1998) and contain a high concentration of
glucocorticoid binding sites (Sarrieau et al., 1986), however, future studies are needed to
investigate this potential link underlying volumetric reduction in the
presubiculum/subiculum following ELS. The present investigation extends the findings
obtained by Teicher et al. (2016) by specifically recruiting MDD and CSA groups (rather than
a community sample with low levels of both MDD and ELS) and applying a newer iteration
of FreeSurfer software which further divides the cornu ammonis and dentate gyrus into
more specific subfields (such as the GC-ML-DG) and includes distinctions between the tail

and head.

Our results indicated that the subfields in the head of the hippocampus, including the
bilateral GC-ML-DG head, the left presubiculum head, left CA3 head, right CA4 head, as well
as the left whole hippocampal head (and trending for right), were exclusively implicated in
volumetric reductions in CSA versus no CSA (as oppose to the hippocampal body or tail).
Few studies in MDD and ELS have parcelled out hippocampal subfields into head/body/tail
divisions. Initial evidence suggests a particular emphasis on the hippocampal head in

childhood trauma. Reduced volume of the bilateral hippocampal head following childhood
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emotional abuse (compared to those with no ELS) in first-degree relatives of MDD has been
reported, suggesting that these structural changes may be present in high-risk individuals
prior to symptom onset (Carballedo et al., 2012). Within MDD participants, particularly
marked effects of ELS (in the form of physical and/or sexual abuse) on left hippocampal
head volume reduction have been observed (Vythilingam et al., 2002) and total CTQ score
has been found to significantly correlate with reductions in hippocampal head (but not body
or tail) volume (Aghamohammadi-Sereshki et al., 2021). These findings are in line with
results from the present investigation and suggest that the hippocampal head may be
particularly vulnerable to deleterious effects of ELS during brain development. However,
more studies delineating the hippocampal head, tail and body are necessary to verify if this
effect replicates in larger sample sizes and whether it is a product of general ELS or driven

by specific subtypes.

Particularly of note is that our findings of hippocampal subfield volume reductions appeared
to be driven by CSA, independent of MDD. While studies of hippocampal volume in samples
including measures of both depression and ELS (such as CSA) are still limited in number,
initial evidence points to ELS as a potential underlying factor explaining observed
hippocampal volume reductions in MDD, with findings of volumetric reductions of both
hippocampal subfields (Teicher et al., 2012; Yuan et al., 2020) and the whole hippocampus
(Chaney et al., 2014; Opel et al., 2014; Vythilingam et al, 2002) in ELS independent of MDD.
Similarly, whilst not finding significant differences for hippocampal volume, a large (N=3036)
whole brain analysis found a strong correlation between ELS and reduced caudate volume,
independent of MDD (Frodl et al., 2017). Importantly, these studies all used differing criteria

for ELS in their samples, with some, such as the present investigation, focusing on one form
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of ELS in particular, whilst others used a global measure of ELS such as total CTQ score -
further studies are needed to investigate whether certain types of ELS may have greater
effect on hippocampal subfield volumes or whether there may be an additive effect of
multiple types of ELS. Combined, these studies, including the present investigation, may
offer initial support for the theory that some structural changes, including volumetric
reductions of subfields of the hippocampus, may be driven by exposure to ELS rather than
primarily caused by MDD. This may shed light on the vast literature that has found similar
findings of hippocampal volume reduction in both ELS and MDD but rarely has controlled for
the other factor, thereby largely making it impossible to determine to which factor to
attribute the effect. Given the high prevalence of ELS in MDD (studies have found a greater
than 2-fold increase of significant ELS exposure in MDD participants compared to HC with a
prevalence between 50.5% to 62.5% of significant childhood trauma reported in MDD
participants; Williams et al., 2016; Xie et al., 2018) it is possible that high levels of
unmeasured ELS in MDD samples may account for reductions in hippocampus volume
reported in studies of MDD patients. ELS as a driving factor underlying GMV changes may
also serve as an explanation of similar findings observed in other psychiatric disorders which
are also associated with high levels of ELS. Reductions of cornu ammonis, dentate gyrus, and
(pre)subiculum subfields have been reported in alcohol use disorder (Zahr et al., 2019),
schizophrenia (Ota et al., 2017), and bipolar disorder (Han et al., 2019). Certainly further
studies, particularly those in large sample sizes, are needed to establish whether this effect
replicates, but if so, it could have notable ramifications for a field that has consistently
documented hippocampal subfield reductions in MDD but predominantly did not control for

ELS exposure, thereby potentially misattributing the effect to MDD alone.
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This would also potentially open up new avenues for treatment and intervention,
highlighting the importance of prevention of childhood trauma and timely interventions
that may help reduce the consequences of ELS on brain development. Importantly, a meta-
analysis of 16 epidemiological studies (N= 23,544) found that depressed individuals with a
history of ELS have significantly worse illness and treatment outcomes than those with no
history of trauma (Nanni et al., 2012). Though studies are needed to investigate underlying
mechanisms, reduction in hippocampal volume following ELS may represent one such
factor. This is supported by a study by Frodl et al. (2010) that found that ELS and
hippocampal volume reduction predicted more severe illness course in depressed
individuals. Similar findings have been identified in substance use disorder, with ELS
exposure correlating with decreased GMV in various hippocampal subfields, which in turn
was found to predict risk of relapse (Dam et al., 2014). This suggests that GMV reductions in
hippocampal regions due to ELS exposure may underlie poorer outcomes in a variety of
psychiatric disorders and as such make it an even more important target for early
identification and intervention. Reduced hippocampal volume has further been associated
with poorer treatment response in MDD (Frodl et al., 2008) and may even function as an
accurate state biomarker for acute suicide attempts in MDD patients (Colle et al., 2014). On
a hopeful note, antidepressant medication has been found to partially reverse hippocampal
GMV reductions (Frodl et al., 2008) which may be the result of antidepressants increasing
neurogenesis in hippocampal cells in individuals with depression (Boldrini et al., 2009). A
similar effect of increased hippocampal volume has been observed following clinical
improvement after receiving cognitive behavioural therapy in individuals with PTSD (Levy-

Gigi et al., 2013).
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One of the key mechanisms underlying hippocampal volume reduction following ELS
appears to involve dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis, which
has been consistently implicated following ELS (Heim et al., 2000). Hyperactivity of the HPA
axis (Krishnan & Nestler, 2011) and neural atrophy in the hippocampus and amygdala
(Lupien et al., 2008; Magarin & McEwen, 1995) have also been observed in animal models
of stress exposure. High levels of chronic stress are thought to play a key contributing factor
to HPA-axis dysregulation, as stressors lead to increased secretion of neurotoxic
glucocorticoids (Burke et al., 2005; Pittinger et al., 2008) to which the hippocampus appears
particularly sensitive (Lupien et el., 2008) as can be seen in atrophy of dendritic neurons and
reductions in GMV (McEwen, 1999; Sapolsky, 2000). The deleterious effect of stress induced
glucorcorticoids may particularly affect the cornu ammonis (CA1-CA3) and DG hippocampal
subfields due to their high density of glucocorticoid receptors, as has been observed in
animal studies that have identified dendritic atrophy and decreased arborisation in these
subfields following chronic stress paradigms (Samuels et al., 2015; Vyas et al., 2002; Vyas et
al., 2003). Similar effects have been observed in studies of humans following ELS, with
specific reductions in CA3 and DG areas following various types of ELS (Malhi et al., 2019;
Teicher et al.,, 2012). A longitudinal study has provided further evidence of a potential causal
link between ELS and hippocampal volume: increased cortisol levels were found to predict
decreased hippocampal volume in a longitudinal study of youth with ELS and post-traumatic

stress symptoms compared to healthy controls (Carrion & Wong, 2012).

Sensitisation of the HPA-axis as a result of exposure to severe childhood stressors is also a
key theory of the link between childhood trauma and development of depression (Heim et

al., 2008). Stress sensitisation of the HPA axis may explain why individuals with a history of
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significant ELS are more likely to develop a major depressive episode in response to stressful
life events than those without ELS exposure (Hammen et al., 2000). It is important to note,
however, that multiple biological processes, in addition to HPA-axis dysregulation, may
interact and contribute to the observed structural changes in ELS and MDD, such as
inflammation, oxidative stress, and neurotransmitter abnormalities (Belleau et al., 2018).
Additionally, it remains unclear whether hippocampal volume changes precede and
contribute to development of MDD or rather represent a scarring effect of the disorder, as
some studies have reported decreased hippocampal volume in healthy individuals at high
risk of depression (Amico et al., 2010; Chen et al., 2010; Rao et al., 2010) whilst others have
found no indication of volume reductions prior to symptom onset (Chan et al., 2016),
though definitions of high-risk groups differed between these studies. Furthermore,
precisely how ELS may modify this relationship remains unclear — initial evidence from
longitudinal studies suggest that smaller hippocampal volumes following ELS exposure may
increase susceptibility to the development of MDD during adolescence (as assessed at 5

year follow up; Rao et al., 2010).

Contrary to expectations, we did not observe any effect of MDD and/or ELS on whole
hippocampal volume. While a vast majority of studies have reported decreased
hippocampal volume in MDD (Bremner et al., 2000; Campbell et al., 2004; Videbech &
Ravnkilde, 2004) and ELS (Calem et al., 2017; Paquola et al., 2016), several studies have
failed to find any difference to HC (Ashtari et al., 1999; Posener et al., 2003; Vakili et al.,
2000; Frodl et al., 2017). Given our findings, one possible theory may be that reductions in
only certain hippocampal subfields contribute to the overall reduction in hippocampal

volume observed and may go undetected when only evaluating the hippocampus whole.
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Volumetric analyses of the whole amygdala revealed no significant findings for a main effect
of CSA or MDD or an interaction. While there appeared to be a significant ROI*CSA
interaction for amygdala nuclei, post hoc follow up tests for individual nuclei did not reach
significance, though visual inspection of means suggest this may be driven by lower mean
volumes in CSA than no CSA present in 6 out of 9 nuclei. While preclinical animal studies
have shown a pattern of enhanced amygdala arborisation and hypertrophy following
various stress paradigms (Cohen et al., 2013; Coplan et al., 2014; Vyas et al., 2002; Vyas et
al., 2003), human studies in ELS and MDD have been highly heterogenous, and may depend
on a complex set of factors such as timing and type of ELS exposure (Pechtel et al., 2014),
MDD illness duration (Frodl et al., 2003; Sheline et al., 1998) and antidepressant use
(Hamilton et al., 2008). A meta-analysis found significant reduction of amygdala volume in
ELS, though the effect was less marked and less robust than volume reductions in the
hippocampus (Paquola et al., 2016). Furthermore, larger effect sizes for decreased amygdala
volume were found amongst studies with greater mean age and higher proportion of male
participants, which may also partially explain the lack of clear results in our sample which

was relatively young (M=26.51, SD=6.32) and exclusively female.

The present investigation had several limitations that should be considered and addressed
by future studies. While our sample specifically recruited and matched four groups with
varying levels of CSA and MDD to allow for close control of these variables in statistical
analyses, our two CSA groups (HC/CSA and MDD/CSA) differed significantly in CSA duration
(longer in MDD/CSA) and age of onset (older in HC/CSA) though they did not differ in CSA

severity. Furthermore, whilst our trauma groups focused on CSA, other types of ELS were
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not excluded and were present at significant levels in a subset of CSA participants, hence we
cannot isolate effects from our study to CSA alone. While a significantly higher proportion of
the MDD/CSA versus MDD only group met the cut-off for significant levels of other types of
abuse and neglect, this should not affect our results as we did not observe any MDD* CSA
interaction and instead found our results to be driven by CSA alone. Nevertheless, future
studies should ideally balance co-occurring abuse/neglect in both groups to avoid higher
levels of overall ELS in one group over the other which could potentially affect results should
there be an MDD*CSA interaction on GMV. A further limitation was that the frequently
applied CTQ measure was only collected for a small subset of our participants and hence we
were not able to include this in our analyses (apart from descriptive statistics for prevalence
of other types of trauma for a subset of participants in the CSA groups). Given the frequent
use of this measure in ELS studies, future studies should aim to collect this data to aid in
comparisons across studies with potentially varying definitions of ELS. Due to a relatively
small sample size, the high number of participants with missing CTQ scores and limitations
provided by the TAQ measure, our analyses were not able to tease apart the effects of
different types of ELS and age of ELS occurrence. This may be particularly relevant for future
studies to include, as there is preliminary evidence for sensitive periods during brain
development during which CSA may have greater effect on particular subcortical regions,
including the hippocampus (Andersen et al., 2008). Another limitation in our study design is
that we collected cross-sectional data and as such cannot draw causational conclusions —
this would ideally be addressed by large-scale longitudinal studies with both ELS and MDD
measures and regular intervals of GMV assessments throughout childhood and at
adulthood. In general, a larger sample size would certainly be beneficial, as our study

consisted of four relatively small subgroups, and hence may be underpowered to detect
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smaller effect sizes. Given that meta-analyses have found smaller effect sizes for amygdala
than hippocampal volume reductions following ELS (Paquola et al., 2016), this may perhaps
explain our lack of significant findings in the amygdala and its nuclei, and highlight the need

for larger well-powered studies.

5. Conclusion

Our study applied the recent FreeSurfer 7.0 processing stream to analyse amygdala nuclei
and hippocampal subfield volumes in depression and CSA. Results indicated significant
volume reductions in several hippocampal head subfields in CSA, independent of MDD,
specifically in the bilateral GC-ML-DG head, the left presubiculum head, left CA3 head, right
CA4 head, and the left whole hippocampal head. No clear significant results emerged in the
whole amygdala or its nuclei and there were no effects or interactions of MDD and CSA on
whole hippocampal volume. Further research in larger sample sizes is required to determine
whether these findings replicate and whether timing and type of ELS may have an effect on

GMV of the hippocampus and amygdala and their respective subregions.
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6. APPENDIX

2.1.1. Inclusion/exclusion criteria

Type of drug Number of occasions used leading to exclusion
Crack, crystal meth >1 occasion
IV drug use >1 occasion
Inhalants >1 occasion

Anxiolytics, sedatives & hypnotics

>5 instances over lifetime

Hallucinogens: mushrooms

> 10 instances over lifetime

Hallucinogens: other (e.g., LSD, Ecstasy)

>5 instances over lifetime

Cocaine

>5 instances over lifetime

Opioids (e.g., oxycodone)

>5 instances over lifetime

Stimulants (e.g., amphetamine)

>5 instances over lifetime

Prescription psychostimulants (e.g. Adderall)

> 5 instances over lifetime

Appendix Table 1. Exclusion criteria for substance use

For marijuana and other cannabis products, the abuse/dependence guidelines apply, and
any use within past 2 weeks or regular use commenced before age 15 lead to exclusion. This
is due to the long-term lasting consequences of regular marijuana use prior to age 15
(Fontes et al., 2011). All participants had to pass a negative urine drug screen on the date of

both the screening session and MRI scan.

2.3.2.1 Hippocampal subfield and amydala nuclei segmentation
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Appendix Figure 1. Visualisation of hippocampal subfields in 8 coronal slices (Iglesias et al.,
2015)*
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4 Check for permission completed with Elsevier June 2021, no permission necessary for non-commercial use.
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3.1. Demographics and clinical characteristics

| MDD (n=18) | MDD/CSA (n=18)

Current Axis-1 Comorbidities

GAD 3 1
Social phobia 2 4
Dysthymia 1 3
Panic disorder WOA 0 2
Specific Phobia 0 3
PTSD 0 1
Lifetime Axis-1 Comorbidities

GAD 2 2
Social phobia 3 4
Dysthymia 2 6
Alcohol abuse 2 4
Panic disorder WOA 2 4
Specific Phobia 1 1
PTSD 0 5
Substance abuse 0 1

Appendix Table 2. Current (at time of study) and lifetime (past) Axis-l comorbidities of
MDD and MDD/CSA groups. As assessed using the Structured Clinical Interview for the
DSM-IV-TR Non-Patient Edition (SCID-IV-N/IP; First et al., 2002). Note that frequently the
same participant met for current and lifetime (past) diagnosis of the same disorder so the
above does not represent the number of participants with comorbidities. All Axis-I
diagnoses in the SCID-IV-N/IP were assessed, only those participants met criteria for are
listed above.
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ABSTRACT

Background: Studies of cortical thickness in major depressive disorder (MDD) and early life
stress (ELS) have produced heterogenous findings, and very few studies to date have
accounted for both variables in the same sample, thereby making it difficult to differentiate
potential effects of MDD and/or ELS contributing to changes in brain morphology.
Aim/Methods: This study aimed to tease out potential effects of MDD and childhood sexual
abuse (CSA) on cortical thickness in five a priori selected regions of interest (ROls).
Anatomical scans of 75 women (aged 19-44), divided into four groups according to
presence/absence of MDD and CSA, were collected using 3T MRI. Semi-automated
FreeSurfer processing pipelines were applied to compute cortical thickness of the
parahippocampal gyrus, medial orbitofrontal cortex (mOFC), posterior cingulate cortex,
anterior cingulate cortex, and insula.

Results: The right mOFC (p = 0.003) and left insula (p = 0.002) showed significantly greater
cortical thickness in MDD than healthy controls, irrespective of CSA. Trends were observed
for other regions but did not survive conservative Bonferroni corrections. We also found
tentative evidence (p = 0.006) for reductions in cortical thickness of the parahippocampal
gyrus in CSA, though this also did not survive correction for multiple comparisons.
Conclusion: While limited by a relatively small sample size, our findings suggest that MDD,
independent of CSA, may be associated with increased cortical thickness in certain regions.
Future studies of greater sample size and including whole brain analyses are needed to
investigate whether these observations replicate, are generalizable to other types of ELS,

and may extend to other brain regions not included in this study’s analysis.
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1. Introduction

Studies of cortical thickness in major depressive disorder (MDD) have produced highly
heterogenous results. Two recent meta-analyses have aimed to address these discrepancies
but nevertheless yielded differing findings: Suh and colleagues (2019) found cortical
thinning in frontal and occipital regions and thickening in one parietal area in MDD while Li
et al. (2020) found increased cortical thickness in posterior and anterior cingulate cortices
(PCC and ACC, respectively) and the ventromedial prefrontal cortex (vmPFC) and decreased
cortical thickness in the gyrus rectus, superior frontal gyrus and middle temporal gyrus in
unmedicated MDD compared to HC. While the former included studies of both medicated
and unmedicated MDD in their meta-analysis, this is unlikely to fully explain the difference
in findings as the authors were able to partially replicate their findings in a subgroup of
unmedicated samples only (Suh et al., 2019). Studies have also identified thinning of the
parahippocampal gyrus in MDD (which was also present, to a lesser degree, in unaffected

young adults at high familial risk of depression; Papmeyer et al., 2015).

Studies of cortical thickness in healthy adults exposed to early life stress (ELS) report cortical
thinning in many cortical and subcortical structures (Bounoua et al., 2020; Dannlowski et al.,
2012; Gold et al., 2016; Heim et al., 2013; Kelly et al., 2013; Mclaughlin et al., 2014;
Monninger et al., 2020). However, as is frequently an issue in ELS research, these studies
differed in definition and measures of ELS and few controlled for psychiatric
symptoms/history. While some studies measured total ELS exposure encompassing
emotional/physical/sexual abuse and physical/emotional neglect (Dannlowski et al., 2012;
Heim et al., 2013; Kelly et al., 2013) others focused their ELS analyses on specific trauma

subtypes, such as physical and/or sexual abuse (Gold et al., 2016), assaultive trauma
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(including physical violence such as assault/robbery, exposure to an active war zone, or
physical/sexual abuse; Bounoua et al., 2020), or neglect (in the form of institutional rearing;
McLaughlin et al., 2014). Heim and colleagues (2013) conducted additional analyses to
investigate whether findings of cortical thinning in ELS (using a composite score of 5 main
subtypes of abuse and neglect) may be driven specifically by childhood sexual abuse (CSA)
and found that CSA, independent of other forms of abuse or depressive symptoms,

explained cortical thinning of the somatosensory cortex and bilateral parahippocampal

gyrus.

To our knowledge, only one study has analysed cortical thickness in a sample measuring
both MDD and ELS, which found a complex relationship between ELS, age of onset of MDD,
and MDD diagnosis on the right frontal pole, however, despite a very large number of
statistical tests performed bilaterally on each region provided in the FreeSurfer output, no
correction for multiple comparisons was performed (Jaworska et al., 2014). Furthermore,
cortical thickness in ELS was only analysed within the depressed group (with no comparison
to the HC group) making it more difficult to differentiate effects of MDD versus ELS.
Analyses compared abused MDD (exposed to physical and/or sexual abuse) to non-abused
MDD, however, both groups had similar levels of other forms of ELS, including emotional
neglect/abuse and physical neglect, suggesting that perhaps the findings were exclusive the

physical and/or sexual abuse rather than general ELS.

1.1. Aim and hypotheses
The aim of the cortical thickness analyses in this study was to investigate the effects and

potential interaction of MDD and ELS on a priori selected regions of interest (ROIs). Since
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different types of trauma, age of exposure, and gender may have differential effects on
brain morphometry and structure (Cassiers et al., 2018; Teicher et al., 2016), we chose to
investigate the effect of CSA exposure in women between ages 5-14 (previously identified as
a potential sensitive period during which CSA may have particularly deleterious effects on
the developing brain; Andersen et al., 2008) on cortical thickness in five a priori selected

ROIls that have been implicated in cortical thickness changes in MDD and ELS.

Given previous literature, we hypothesised that MDD would be characterised by increased
cortical thickness in the ACC, PCC, medial orbitofrontal cortex (mOFC), and insula, and
cortical thinning in the parahippocampal gyrus. We hypothesised that CSA would be
associated with widespread cortical thinning of structures, particularly the parahippocampal
gyrus which has been specifically implicated in CSA. Given the dearth of previous literature
investigating cortical thickness in samples measuring and analysing both ELS and MDD, we
did not have specific predictions on possible interactions between CSA and MDD on cortical

thickness.

2. Methods

2.1. Participants

Detailed description of participants, demographics, inclusion/exclusion criteria, and
measures can be found in (Goer et al., unpublished findings, Study 3). The study took place
at McLean Hospital, Belmont, MA, USA, and was approved by both the Partners Healthcare
and McLean Hospital Institutional Review Boards. In brief, 75 unmedicated women, aged
19-44 (M=26.51, SD=6.32) were recruited, including 23 healthy controls (HC), with no CSA

or lifetime psychiatric disorder; 18 MDD, with current MDD but no CSA; 16 healthy controls,
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with CSA but no lifetime psychiatric disorder (HC/CSA); and 18 MDD/CSA, with both current
MDD and CSA. The groups did not significantly differ on demographic characteristics
including age, race, education or income (see Goer et al., unpublished findings, Study 3).
CSA was assessed in the interview version of the Traumatic Antecedents Questionnaire
(TAQ; Herman et al., 1989; Vanderkolk et al., 1991). Individuals were classed as meeting
criteria for CSA if they experienced at least one incident of contact sexual abuse between
the ages of 5-14 years. As CSA rarely occurs in a vacuum and frequently co-occurs with other
types of ELS, we permitted additional types of abuse and neglect in the CSA groups while
any type of ELS was exclusionary for our MDD and HC groups. The short form of the CTQ
(Bernstein et al., 2003), a 28-item questionnaire that retrospectively assesses 5 subtypes of
childhood trauma (physical abuse, emotional abuse, sexual abuse, physical neglect,
emotional neglect) was collected only partway through the study and hence a third of
participants (25/75), including 4 MDD/CSA and 1 HC/CSA did not have CTQ scores.
Therefore, CTQ scores were analysed for descriptive purposes in the CSA groups only to
assess levels of other subtypes of ELS in addition to CSA. Previously validated and widely
applied cut-off scores were calculated to indicate significant levels of abuse/neglect in each
subscale: >8 for physical abuse, >8 for sexual abuse, >10 for emotional abuse, >8 for
physical neglect, and >15 for emotional neglect (Bernstein & Fink, 1998; Walker et al.,
1999). Presence of current and past psychiatric disorders was evaluated via Structured

Clinical Interview for the DSM-IV-TR Non-Patient Edition (SCID-IV-N/IP; First et al., 2002).

2.2. Neuroimaging data acquisition and processing
A Siemens TrioTim 3T scanner with 32-channel head coil was used to collect high-resolution

T1-weighted MPRAGE scans (TR=2200ms, TE=3.36ms, voxel size = 1.2 x 1.2 x 1.2 mm, flip
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angle = 7.0 deg, base resolution = 192, slices per slab = 144, field of view = 230mm). The
FreeSurfer (version 7.0; Fischl, 2012) semi-automated workflow was used to process
structural T1 data. Following the cortical reconstruction process, quality checks and manual
inspection of each of the 75 subjects were conducted and manual edits of the brainmask

and white matter volume were applied where necessary.

2.2.1. Cortical thickness

Cortical thickness was determined using the validated and highly accurate automated
processing pipelines in FreeSurfer 7.0 which calculate the shortest possible distance
between the pial surface and grey/white matter at each point (for details, see Fischl & Dale,

2000). All cortical thickness measures are given in mm.

2.2.2. ROIs and analyses

We conducted analyses of cortical thickness in 5 bilateral ROls selected a priori based on
MDD and ELS literature (and availability of these regions in the automatically computed
cortical thickness in FreeSurfer 7.0): (1) parahippocampal gyrus (associated with reduced
cortical thickness in MDD (Peng et al., 2015) and ELS (Gold et al., 2016)), (2) mOFC
(associated with increased cortical thickness in MDD (Grieve et al., 2013; Qiu et al., 2014)),
(3) PCC and (4) ACC (both associated with increased cortical thickness in MDD (Li et al.,
2020)) and (5) insula (increased cortical thickness implicated in current MDD (Zorlu et al.,
2017) and possibly predictive of MDD risk (Jones et al., 2019; Foland-Ross et al., 2015)). It is
important to note that, as discussed in the introduction, several additional ROls have been

implicated in cortical thickness in ELS and MDD, however, we limited ourselves to 5 key
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areas identified in the literature to avoid excessive multiple comparisons and achieve

satisfactory power to identify group differences.

Each hemisphere of each ROl was analysed with a 2 (MDD: present versus absent) x 2 (CSA:
present versus absent) between-subjects ANOVA. The conservative Bonferroni correction
was implemented as a stringent correction for multiple comparisons, resulting in a new p
value threshold of p<0.005 for statistical significance (original alpha of 0.05 / 10

comparisons = 0.005 corrected alpha).

3. Results

3.1 ELS and clinical characteristics

There was no difference in CSA severity between CSA groups (p>0.05), however, the
duration of CSA was significantly longer for MDD/CSA (M = 5.18, SD = 3.046) than HC/CSA
(M =2.88, SD =3.053), F(1,31)= 4.696, p= 0.038, np?=0.132, and onset of CSA was earlier in
MDD/CSA (M = 6.59, SD = 1.734) than HC/CSA (M = 8.94, SD = 3.549), F(1,31) = 5.949,
p=0.021, np?=0.161. As expected, 100% of CSA participants, regardless of diagnosis, met
the CTQ cut-off for significant sexual abuse. Of note, a significantly higher number of
CSA/MDD than HC/CSA participants met for additional other types of ELS, including
emotional abuse, physical abuse, emotional neglect, and physical neglect (see Table 1 for
detailed statistics). While, as expected, there was a significant difference between all four
groups in depressive symptoms as measured using the Beck Depression Inventory-II (BDI-II;
Beck et al, 1996) and Hamilton Rating Scale for Depression (HRSD; Hamilton et al., 1960),
these measures did not significantly differ between HC versus HC/CSA and MDD versus

MDD/CSA. Specifically, for BDI-Il scores, there was no significant difference between HC (M
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=1.461, SD = 1.825) and HC/CSA (M = 2.260, SD = 2.939), F(1,36) = 1.067, p = 0.309 or
between MDD (M =29.577, SD = 8.651) and MDD/CSA (M = 28.093, SD = 10.119), F(1,34) =

0.224, p=0.639. Likewise, total scores on the HRSD did not significantly differ between HC

(M = 1.00, SD = 1.508) and HC/CSA (M = 1.56, SD = 2.502), F(1, 37) = .767, p= 0.387 or

between MDD (M = 14.11, SD = 4.886) and MDD/CSA (M = 15.38, SD = 3.284), F(1.34) =

.763, p=0.389. Furthermore, MDD groups were well matched in number of symptoms

within the current major depressive episode (MDE) and number of lifetime MDEs (see Table

1 for statistics).

Participants, Mean (SD)
Characteristic | HC (n=23) MDD HC/CSA MDD/CSA | Statistic P value Partial
(n=18) (n=16) (n=18) Eta
Squared
TAQ CSA NA NA 3.38 4.00 F=2.792 | p=0.105 | 0.083
severity (1.025) (1.118)
TAQ CSA NA NA 2.88 5.18 F=4.696 | p=0.038* | 0.132
duration (3.052) (3.046)
(years)
TAQ CSA onset | NA NA 8.94 6.59 F=5.949 | p=0.021* | 0.161
(age in years) (3.549) (1.734)
# (%) meeting | NA NA 4(25%) | 9(50%) |X%= p = 0.042*
CTQ cut-off for 4.144
EA
# (%) meeting | NA NA 2 (12.5%) | 7 (38.9%) | X*= p = 0.033*
cut-off for PA 4.549
# (%) meeting | NA NA 15 14
CTQ cut-off for (100%) (100%)
SA
# (%) meeting | NA NA 2 (12.5%) | 7 (38.9%) | X*= p = 0.033*
CTQ cut-off for 4.549
EN
# (%) meeting | NA NA 2 (12.5%) | 8 (44.5%) | X*= p = 0.013*
CTQ cut-off for 6.152
PN
BDI-II 1.461 29.577 2.260 28.09 F=98.34 | p=0.00* 0.808
(1.825) (8.651) (2.939) | (10.119)
HRSD 1.00 14.11 1.56 15.38 F= p =0.00* 0.823
(1.508) (4.886) (2.502) | (3.284) 107.159
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Number of NA 6.00 NA 5.118 F=3.551 | p=0.068 | 0.097
symptoms in (1.414) (1.35)

current MDE

Lifetime NA M =3.35, | NA 3.58,SD | F=0.035 | p=0.853 | 0.001
number of SD = =3.029

MDEs 3.427

Table 1. ELS and clinical characteristics.

Mean values are displayed with standard deviations in parentheses where applicable.

* indicates statistical significance at p<0.05

Abbreviations: BDI-1l, Beck Depression Inventory-Il (Beck et al, 1996); HRSD, Hamilton Rating
Scale for Depression (Hamilton et al., 1960); MDD, major depressive disorder; MDE, major
depressive episode; CSA, childhood sexual abuse; HC, healthy control; NA, not applicable;
TAQ, Traumatic Antecedents Questionnaire (Herman et al., 1989; Vanderkolk et al., 1991);
CTQ, childhood trauma questionnaire; EA, emotional abuse; PA, physical abuse; SA, sexual
abuse; EN, emotional neglect; PN, physical neglect. Note: CTQ scores were missing for 1
HC/CSA and 4 MDD/CSA.

3.2. Medial orbitofrontal cortex

There was a significant main effect of MDD in the right (but not left) mOFC, F(1,71)=9.816,
p=0.003, np?=0.121, with significantly greater cortical thickness in MDD (M=2.524, SE=

0.023) versus no MDD (M=2.424, SE = 0.022).

3.3. Insula

There was a significant main effect of MDD in the left insula, F(1,71)=10.746, p=0.002, np? =
0.131, with greater thickness in MDD (M=3.102, SE=0.025) than no MDD (M=2.987,
SE=0.024). Cortical thickness was similarly increased in MDD versus no MDD subjects in the
right insula, though not significant at the corrected alpha level, F(1,71)=7.558, p=0.008, np?

=0.096.

3.4. Parahippocampal gyrus
There was a main effect of MDD (greater cortical thickness in MDD) in the left (p=0.010) and

right (p=0.037) hemisphere of the parahippocampal gyrus, but neither of these survived
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Bonferroni corrections. There was also a main effect of CSA in the left parahippocampal
gyrus (reduced cortical thickness in CSA) but again this failed to survive Bonferroni

correction F(1,71)=7.992, p=0.006, np>=0.090.

3.5. Posterior cingulate cortex
There was a trend of greater cortical thickness in MDD in the right posterior cingulate at
uncorrected alpha level (p=0.055), but no effects emerged that met statistical significance in

either hemisphere.

3.6. Anterior cingulate cortex
There was a main effect of MDD (greater cortical thickness in MDD) in the left (but not right)

ACC, p=0.022, which did not survive Bonferroni correction.
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Figure 1. Depressed individuals had a significantly thicker right medial orbitofrontal cortex
(p=0.003) and left insula (p=0.002) than individuals with no MDD. *indicates significance at

corrected alpha, p<0.005.

4. Discussion

The right mOFC cortex and left insula showed significantly greater cortical thickness in MDD
than HC, independent of CSA (see Figure 1). A subregion of the vmPFC (Gourley et al., 2016),
the mOFC serves several key functions in goal-directed decision making and reward-
learning. Interestingly, activity in the anteromedial OFC (located within the vmPFC) has been
found to be heightened in current MDD and is positively correlated with depression
severity, while successful antidepressant treatment has been found to reverse this effect
(Drevets, 2007). In terms of cortical thickness, increased thickness in the mOFC has
previously been identified in MDD versus HC (Grieve et al., 2013; Qiu et al., 2014) and a
recent meta-analysis identified the overarching vmPFC as an area of increased cortical
thickness in unmedicated MDD (Li et al., 2020). Increased cortical thickness of the insula has
also been previously observed in MDD (Qiu et al., 2014; Zorlu et al., 2017) and has been
found to predict development of MDD risk in middle aged adults (Jones et al., 2019) and
adolescent girls (Foland-Ross et al., 2015). These findings suggest that increased insula
thickness may constitute a risk factor for the development of depression, rather than a
result of long-term depression. However, a study examining cortical thickness prior to
antidepressant treatment found thinner insula in MDD versus HC (Jarnum et al., 2011),
indicating the need for additional studies, ideally with larger sample sizes, to aim to resolve

inconsistent findings.
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While not statistically significant after a conservative Bonferroni correction for multiple
comparisons, we identified several trends that further suggest cortical thickness in these 5
ROIs may be increased in MDD, independently of CSA. The left and right parahippocampal
gyrus, right posterior cingulate, left ACC and right insula all showed trends of increased
cortical thickness in MDD versus no MDD, irrespective of CSA. While increased thickness in
the PCC and ACC in MDD is in line with findings from a recent large meta-analysis (Li et al.,
2020), the opposite finding (decreased thickness) has previously been observed in the

parahippocampal gyrus (Peng et al., 2015; Qiu et al., 2014).

The mechanism underlying increased cortical thickness in certain brain areas in MDD
remains unclear. Li and colleagues (2020) posited that this may be due to increased
inflammation in MDD which in turn may result in astrocyte hypertrophy as a potential
compensatory attempt. However further studies are needed to investigate this potential
link. Further insight into cortical thickening in certain areas in MDD has come from a
longitudinal study which found that while reduced cortical thickness in frontal and temporal
brain regions appeared to constitute a risk factor to the development of MDD, the onset of
MDD was associated with an increased thickening of these areas over time compared to
high-risk patients who did not develop MDD (Papmeyer et al., 2015). The authors posit that
while high risk patients who do not go on to develop MDD show normal cortical thinning of
these structures over time (likely representing successful synaptic pruning), this mechanism
may be partially disrupted or delayed by the onset of MDD and hence lead to relative

cortical thickening in MDD patients.
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While several studies have reported cortical thinning of various brain structures following
ELS, we only found a trend of a main effect of CSA in the parahippocampal gyrus (reduced
cortical thickness in CSA, p=0.006). As previously discussed, studies of cortical thickness in
ELS have used a large variety of measures and definitions to define ELS and this may explain
differences in brain areas identified. Interestingly, other studies that have also focused on
CSA have similarly identified cortical thinning of the parahippocampal gyrus, both in a
sample with physical and/or sexual abuse (Gold et al., 2016) and more specifically in a study
that found cortical thinning of the bilateral parahippocampus to be one of two regions
exclusively affected by CSA, independent of other types of abuse (Heim et al., 2013). Two
studies in women with PTSD have found no effect of sexual abuse on cortical thickness in
either adults (Landré et al., 2010) or adolescents (Rinne-Albers et al., 2020), however, the
former was not restricted to CSA (inclusion criteria for sexual abuse did not specify an age
range of occurrence) and the former selected a limited number of ROIs (including the
vmPFC, ACC, and insula, but not the parahippocampal gyrus). Null findings regarding the
insula, vmPFC and ACC following CSA in PTSD (Rinne-Albers et al., 2020) mirror our findings.
Taken together, these initial findings highlight the importance of differentiating between
types of childhood trauma in ELS studies as they may have differential effects on brain
morphometry, with CSA perhaps specifically implicated in cortical thinning of the
parahippocampal gyrus. Further studies of larger sample size are necessary to permit whole
brain analyses of cortical thickness to identify whether potentially additional brain regions

may be particularly affected by CSA.

It must be noted that the present investigation was limited by several factors. For one, our

analyses were restricted by a relatively small sample size — it has been suggested that well-
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powered studies of cortical thickness require at least 50 participants per group to detect a
0.25mm cortical thickness difference (Pardoe et al., 2012), and hence our analyses were
likely underpowered. Future studies of cortical thickness in ELS and MDD should aim for
significantly larger sample sizes to achieve sufficient statistical power to detect cortical
thickness differences between groups at a whole brain level. Larger sample sizes would also
allow for a more detailed analysis of different types of childhood trauma and age at
occurrence to determine whether different types of ELS at particular ages during brain
development may affect cortical thickness differentially. Our study was also limited by its
cross-sectional design - the finding that cortical thinning in certain temporal and frontal
areas (which have also been documented following ELS) may constitute a risk factor for the
development of MDD is intriguing (Papmeyer et al., 2015), and further longitudinal studies
measuring cortical thickness, ELS and MDD at regular intervals are needed to understand
whether there may be a possible link between cortical thickness and risk for MDD following
ELS. Further studies of cortical thickness before and after MDD onset are also needed to test
the theory that increased cortical thickness may develop as MDD progresses (Papmeyer et

al., 2015).

Finally, while all participants in both CSA groups met cut-offs for significant CSA using both
the CTQ and TAQ measures and had comparable levels of CSA severity, there were
significant differences in duration of CSA (longer in MDD/CSA) and age of onset (younger in
MDD/CSA). Ideally, these factors would be matched between groups in future studies to
rule out a possible contribution of age of onset or duration of CSA on findings. Furthermore,
the MDD/CSA group had higher levels of other types of abuse/neglect (as measured by the

CTQ) than the HC/CSA group. Since no MDD by CSA interactions emerged in the analyses,
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this difference in ELS between groups should not affect the results of the present
investigation, however, future studies should ideally recruit participants with comparable
levels of ELS subtypes across diagnostic groups to avoid any possible confounding factors.
Moreover, since different types of abuse frequently co-occur in the same individual and
hence make it extremely difficult to recruit groups with exclusively one type of ELS
exposure, future studies should ideally collect data on multiple types of abuse (e.g. via the
CTQ) for all participants in order to run specific analyses aimed at investigating the unique
contributions and/or additive effects of various types of ELS on cortical thickness. A small
sample size and missing CTQ data points (including for 5 CSA participants) unfortunately

made this unfeasible in the current study.

5. Conclusion

Depressed individuals had a significantly thicker right mOFC (p=0.003) and left insula
(p=0.002) than individuals with no MDD, independent of CSA, suggesting that, at least in this
sample and ROIs examined, changes in cortical thickness may be primarily driven by MDD
diagnosis, rather than CSA exposure. However, this is likely an oversimplification, as a trend
was found for decreased cortical thickness in the parahippocampal gyrus in CSA
(irrespective of MDD diagnosis), replicating findings of previous studies of CSA. Taken
together, these findings suggest that MDD and CSA likely have differential, independent
effects on cortical thickness in the ROIs examined. Future studies, ideally with substantially
larger sample sizes and longitudinal designs, are needed to clarify the effect of MDD and
CSA on cortical thickness on a whole brain level, and ascertain whether perhaps other
variables, such as type and timing of ELS and MDD age of onset/duration, may affect cortical

thickness and identify whether these changes precede or follow development of MDD
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symptoms.
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Discussion

1. Summary of main findings

The overarching aim of my PhD was to investigate the relative contributions (and possible
interactions) of MDD and ELS on cognitive and neurobiological measures, specifically
affective cognition and morphological measures (GMV and cortical thickness). A summary of

findings is given below, with reference to hypotheses presented in the introduction.

Study 1 employed a novel standardised affective cognition test battery (EMOTICOM, Bland
et al., 2016) to assess various constructs of affective cognition in individuals with MDD and
HC with varying degrees of ELS (diagnostic groups were matched for ELS and included both
participants with low/absent ELS exposure and with significant ELS of multiple subtypes).
Our results were in line with our general a priori hypothesis that ELS and MDD
independently affect different aspects of affective cognition. Constructs particularly
sensitive to MDD diagnosis (as indicated by significant group differences: MDD versus HC)
included emotion recognition and categorisation, incentive motivation/effort, and
emotional memory. On the other hand, several tasks yielded no group effects (MDD versus
HC) but instead revealed significant correlations with CTQ. Tasks more sensitive to ELS over
diagnosis included measures of attentional bias, value-based choice, and moral emotions.
Overall null results were recorded for the MIR task (a measure of reward/punishment
sensitivity), and the remaining three social cognition tasks (including measures of theory of

mind and social economic exchange games).
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Our initial specific hypothesis that MDD would be associated with negative affective biases
(negative versus positive) while ELS would be characterised by a threat (anger/fear)
processing bias was not quite supported. Rather, both ELS and MDD were characterised by
both threat biases and negative affective biases in various tasks. The exact nature of the
relationship observed depended on the task/construct measured — both MDD diagnosis and
PA were associated with a negative affective bias in the ERT, while the Emotional Intensity
Morphing task revealed both a threat bias (for fearful faces) and negative affective bias (for
sad faces) in MDD, independent of ELS. A negative affective bias in the FAGN task
(measuring attentional bias) was, on the other hand, exclusively associated with various
types of ELS (subtypes & total CTQ), independent of diagnosis. Hence our a priori
hypothesis that ELS and MDD would be distinguished by different types of affective bias was
not supported. Instead, both ELS and MDD were found to be associated with both threat
and negative affective biases in different tasks of the EMOTICOM test battery. It should also
be noted that contradictory results (not supporting a negative affective bias) were observed
for the emotional memory task, which found that MDD and EA were associated with poorer

memory for negative words, divergent from evidence from previous literature.

Our second specific hypothesis pertaining to the EMOTICOM test battery was that
depression would be characterised by reduced motivation/reward function, which we
predicted may be, at least partially, moderated by ELS. Our results largely confirmed this
hypothesis, and again emphasised that effects of MDD and ELS depend on the affective
cognition construct measured. Specifically, while MDD appeared to be associated with
reduced motivation/effort as measured during the PRT, independent of ELS (though

analyses were severely limited by task ceiling effects), ELS independently predicted reduced
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optimisation of value-based choice in the adapted Cambridge Gambling Task. The MIR task,
on the other hand, yielded null results, suggesting that perhaps reward/punishment
sensitivity as measured using this task is less sensitive to ELS/MDD (or more difficult to

detect).

The third specific hypothesis had predicted heightened levels of negative moral emotions in
MDD, possibly mediated by ELS. No group differences emerged (MDD versus HC), but
multiple subtypes and cumulative ELS were associated with higher levels of shame, guilt,
and negative ratings, particularly of victims of harm. These effects of ELS on moral emotions

appeared particularly prevalent within MDD participants.

Finally, null results emerged for theory of mind and social economic exchange games for
which we had not made previous hypotheses based on limited and conflicting previous

literature.

Study 2 consisted of a systematic review of GMV changes in MDD and ELS (including only
studies that assessed both MDD and ELS in the same sample). Of 5129 records identified
through database searches (including grey/unpublished literature), 20 studies met full
eligibility criteria for inclusion in the systematic review. Analyses of studies revealed that
the hippocampus was the most frequently studied and identified brain structure. Moreover,
hippocampal volume reductions (both for the whole hippocampus and several subfields,
particularly the cornu ammonis, dentate gyrus, and subiculum) appeared to be driven
primarily by ELS, independent of MDD diagnosis. This was similarly observed for several

other brain regions, including the caudate, orbitofrontal cortex, and posterior cingulate
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cortex, which were all found to have lower GMV in ELS, independent of MDD diagnosis.
These findings confirmed our initial hypothesis, as set out in the general introduction, that
ELS partially or fully drives the reduction of GMV often attributed to MDD, particularly in the
hippocampus and its subfields. However, it should be noted, that many studies included in
the systematic review either altogether lacked a HC group with ELS or had very low levels of
ELS in their HC comparison group, thereby limiting findings and making it more difficult to

draw firm conclusions about relative contributions of ELS versus MDD on GMV changes.

The results from Study 2 informed our decision to investigate GMV changes in the
hippocampus (both whole and subfields) in a highly controlled experimental setup in Study
3, aiming to meticulously disentangle MDD and ELS effects on GMV. In particular, we were
interested in hippocampal subfields as initial evidence from the systematic review pointed
to an effect of ELS (independent of MDD) on specific hippocampal subfields, however this
had only been investigated in 5 studies (and only 3 included measures of ELS in the HC
group). Due to a novel FreeSurfer development allowing for segmentation of the amygdala
and its nuclei, this was also included as an exploratory analysis that may help shed more
light on the to date mixed amygdala GMV findings in MDD and ELS. Given evidence that
both type and timing of ELS differentially affects GMV (Cassiers et al., 2018; Anderson et al.,
2008), ELS was specified as childhood sexual abuse (CSA; though other types of abuse were
not excluded for ecological validity and practical limitations in recruitment), and confined to
ages 5-14 (which may represent a sensitive time period for CSA on hippocampal

development, Anderson et al., 2008).
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Results largely confirmed our hypothesis that reductions in hippocampal GMV and its
subfields (particularly the cornu ammonis [CA] and dentate gyrus [DG]) would be partially or
fully mediated by CSA. While we did not find any evidence for either a main effect of MDD
or CSA (or interaction) on the whole hippocampus, several regions of the hippocampal head
showed reduced GMV related to CSA exposure, independent of diagnosis. Subfields
identified included the cornu ammonis (specifically CA3 and CA4 head), dentate gyrus
(specifically the GC-ML-DG, granule cell and molecular layer of the DG), presubiculum head,

and whole hippocampal head.

No a priori hypothesis had been formulated for the amygdala or its nuclei given inconsistent
previous findings and results only revealed a ROI*CSA interaction for the right hemisphere
amygdala nuclei (though no significant follow up tests emerged, making the finding difficult
to interpret). Based on visual inspection of means, this appeared to be driven by decreased
GMV for the majority of amygdala nuclei in CSA compared to no CSA (irrespective of MDD),
though none of the post hoc tests of individual nuclei was significant. Further research is
needed to investigate this potential link between CSA and amygdala nuclei GMV, ideally
with larger sample sizes with the necessary power to detect and fully analyse any potential
effects. Overall, Study 3 demonstrated that ELS appears to drive GMV reduction in several
hippocampal subfields, independent of MDD diagnosis and may have a similar effect on

amygdala nuclei.

Finally, Study 4 investigated another morphological index, cortical thickness. Neuroimaging
data from the same 75 unmedicated female participants was analysed using FreeSurfer

software. Five a priori regions of interest were selected based on previous findings of
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cortical thickness in MDD and ELS in an effort to reduce multiple comparisons. While limited

by a fairly small sample size for identifying differences in cortical thickness (Pardoe et al.,

2012), results indicated that cortical thickness may be more sensitive to MDD diagnosis,

rather than CSA, with the exception of cortical thinning of the parahippocampal gyrus which

showed the opposite relationship (though this was not statistically significant after applying

conservative Bonferroni correction for multiple comparisons). In particular, the right medial

orbitofrontal cortex and left insula showed significantly greater cortical thickness in MDD

than HC, irrespective of CSA. Additional trends in the same direction (increased thickness in

MDD versus HC, irrespective of CSA) were found for the posterior and anterior cingulate

cortex, though findings were not significant after Bonferroni correction. These findings were

predominantly in line with a priori hypothesis, in which we predicted increased cortical

thickness in all ROls apart from the parahippocampal gyrus. Furthermore, our prediction

that cortical thinning of the parahippocampal gyrus may be driven primarily by CSA, rather

than diagnosis, appeared to be supported, though results were just short of statistical

significance after Bonferroni correction.

The main results from each study are summarised in Table 1 below.

Experimental Measure | Main construct MDD (versus HC) ELS
(Task/Brain region) measured
Study 1. EMOTICOM
Emotional Recognition | Emotion recognition/ v
Task (ERT) categorisation
Correlations with EA*, PA
Emotional Intensity Emotion recognition v

Morphing Task

Correlations with SA (but
opposite effect to MDD)

Face Affective Go No-
Go (FAGN) Task

Attentional bias

PA, SA, EA, CTQ total

218




Emotional Memory Emotional memory v
Recognition Task
Correlation with EA*
Monetary Incentive Reward/ punishment v X
Reward (MIR) Task sensitivity
Progressive Ratio Task Incentive motivation / %
(PRT) effort
Adapted Cambridge Value-based choice
Gambling Task (CGT) X
All subscales & CTQ total
Moral Emotions Task Moral emotion x
EA, PA, EN, PN, CTQ Total

Social Information Theory of mind
Preference Test X X
Prisoners’ Dilemma Social economic % %
(PD) exchange game
Ultimatum Game (UG) | Social economic % %

exchange game
Study 2. GMV systematic review
Hippocampus GMV (Whole i

hippocampal volume

and subfields)
Caudate GMV i
Orbitofrontal cortex GMV i
Posterior Cingulate GMV i
Cortex
Study 3. GMV of hippocampus and amygdala (including subfields/nuclei)
Hippocampus whole GMV X X
Hippocampal subfields | GMV

(several hippocampal head
subfields)
Amygdala whole GMV X X
Amygdala subfields GMV ROI*CSA interaction for
right hemisphere nuclei but
X no significant post hoc

follow up tests for
individual nuclei

Study 4. Cortical thickness of 5 ROIs

Medial Orbitofrontal
Cortex

Cortical thickness

X
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Insula Cortical thickness T

X
Parahippocampal gyrus
Cortical thickness X (trend, p=0.006, did not survive
Bonferroni correction)

Anterior Cingulate Cortical thickness
Cortex (trend, p=0.022, did not X

survive Bonferroni

correction)
Posterior Cingulate Cortical thickness T
Cortex (trend, p=0.055, did not X

survive Bonferroni

correction)

Table 1. Overview of Main Results from Studies 1-4. Green checkmarks indicate statistically
significant findings (unless otherwise indicated), red crosses indicate null results. Blue
arrows are used to indicate direction (increase or decrease) for neuroimaging findings.

*For study 1, correlations with EA should be cautiously interpreted for tasks also showing an
effect of diagnosis (i.e. ERT and Emotional Memory Recognition Task) since EA was
significantly higher in MDD versus HC group.

Note that ELS for studies 3 and 4 was defined as at least 1 instance of CSA aged 5-14 (other
types of abuse were not exclusionary), while study 1 included all subtypes of ELS as
measured by the CTQ (EA, PA, SA, EN, PN). Studies included in the systematic review (study
2) used a variety of ELS definitions (predominantly total CTQ scores).

Abbreviations: EA, emotional abuse; PA, physical abuse; SA, sexual abuse; EN, emotional
neglect; PN, physical neglect; MDD, major depressive disorder; HC, healthy control; CTQ,
childhood trauma questionnaire CTQ; (Bernstein et al., 2003); ROI, region of interest; GMV,
grey matter volume.

1.1. Novel contributions to knowledge base

Studies 1-4 each generated novel evidence and extended the knowledge base from existing
literature. Specifically, Study 1 demonstrated that affective cognition is a multifaceted
construct that is differentially affected by MDD and ELS and hence requires extensive,
thorough, and systematic assessment. It was the first study to apply a standardised
comprehensive testing battery of affective cognition in a sample measuring both MDD and
ELS. Similarly, Study 2 was the first systematic review, to the authors knowledge, to assess
GMV changes in samples measuring both ELS and MDD. Analyses confirmed emerging

theoretical approaches that ELS may be a driving factor of neurobiological changes observed
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in MDD: ELS appeared to independently predict GMV reductions of the hippocampus
(including its subfields) and various other brain structures often implicated in MDD. Critical
review of studies included in the systematic review informed us in the study design and
analyses of a cross-sectional neuroimaging study of GMV in MDD and ELS (Study 3). This
study added substantially to the existing knowledge base by applying new analysis methods
for amygdala nuclei segmentation and hippocampal subfields and investigating GMV
changes in these structures in MDD and ELS. While findings for the amygdala were unclear,
several hippocampal subfields, previously implicated in MDD (and also in animal models of
depression and ELS), showed attenuated GMV in ELS, independently of diagnosis. This builds
on similar findings from the systematic review (Study 2) and highlights the role of ELS in
structural brain changes in MDD. Finally, Study 4 investigated cortical thickness, a
morphological measure previously only assessed in a single study measuring both MDD and
ELS (Jaworska et al., 2014). Our study was the first to include a HC group with matching
levels of ELS (in the form of CSA) to the MDD group. This enabled analyses to disentangle
the effect of MDD and CSA and demonstrate that changes in cortical thickness appear to be
primarily sensitive to depression status, independent of CSA. Overall, the studies included in
the PhD offer a novel evidence base for differential unique effects of MDD and ELS on
various cognitive and neurobiological measures, using highly controlled experimental

designs.

2. Overarching themes, mechanisms, and implications
2.1. As demonstrated by Studies 1-4, ELS likely accounts for several of the cognitive and
neurobiological changes previously often attributed to MDD alone. This has large

implications for both past and future studies, as the vast majority of previous studies of
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depression have not controlled for ELS in their samples. This may have resulted in a
misattribution of certain characteristics to MDD, when in fact high levels of ELS could
potentially have been driving (or at least mediating) this effect. This is particularly
concerning given the high levels of ELS in depression (Williams et al., 2016; Xie et al., 2018),
which may be contributing to experimental variables without being measured or controlled
for. Importantly, however, the influence of ELS and MDD on various morphological
measures and constructs of affective cognition appeared to be specific, i.e. while some
measures were more sensitive to ELS (independent of diagnosis), others showed the
opposite pattern (an effect of MDD but not ELS), an effect of both (for some affective
cognition constructs), or null results for either. As hypothesised, the relationship between
ELS and MDD and various neural and cognitive markers appears to be complex and

dependent on specific measures/constructs.

Constructs particularly sensitive to ELS (independently of MDD diagnosis) included
attentional bias, value-based choice, and moral emotions, as well as GMV changes of
various brain areas (in particular the hippocampus and its subfields). Interestingly, negative
affective biases as observed for ELS in the FAGN task (measuring attentional bias) were also
observed for MDD in other tasks that focussed more on emotion identification and
categorisation. This suggests that negative affective biases in emotion processing may be
affected by both ELS and MDD independently, depending on the specific task and construct
measured. This is in line with previous research that has repeatedly highlighted the role of
affective biases in MDD (Elliott et al., 2011), and ELS (Pechtel & Pizagalli, 2011). The fact that
ELS appeared to be driving impaired optimisation of bets (for both win and loss conditions in

the adapted CGT) is in line with research that has found similar patterns of impairment in
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medicated, unmedicated and remitted MDD (Murphy et al., 2001; Rawal et al., 2013; Roiser
& Sahakian, 2013) suggesting that current depressive symptoms are not driving this effect.
Study 1 hence provided novel evidence that ELS may in fact be the key factor leading to
abnormal value-based choice previously attributed to MDD. While only investigated by a
handful of previous studies, findings that heightened moral emotions in MDD may are in
fact driven by ELS, are in line with emerging evidence that self-blame may play a key role in
mediating the link between ELS exposure and later life adverse psychiatric outcomes, such

as PTSD and depression (Dorresteijn et al., 2019; Sharma-Patel & Brown, 2016).

In regard to morphological indices examined, Study 2 and 3 (consisting of a systematic
review and cross-sectional study), both highlighted the key role of ELS (independent of MDD
diagnosis) on decreased GMV in several brain regions, in particular of the hippocampus and
several subfields (comprising the cornu ammonis, dentate gyrus, and presubiculum).
Hippocampal GMV reduction has been consistently cited in MDD, and is seen as one of the
largely undisputed structural brain changes of depression (Bremner et al., 2000; Campbell et
al., 2004; Videbech & Ravnkilde, 2004). Findings from both the systematic review (Study 2)
and the original research study (Study 3) included in this PhD add to the emerging, but to
date sparse, literature emphasising the role of ELS in GMV abnormalities in MDD. Future
studies hence should take care to include measures of ELS in all structural studies of

depression, and control for these in analyses, to avoid potential misattribution of findings.

Interestingly, other measures of affective cognition and brain structure showed the reverse
pattern, and seemed predominantly sensitive to MDD diagnosis over ELS. In regard to

affective cognition, this included tasks measuring emotion recognition/categorisation,
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incentive motivation/effort and emotional memory. However, it should be noted that some
of these tasks were less reliable or findings were not in line with previous literature, and
hence should be cautiously interpreted. Specifically, the progressive ratio task (PRT)
designed to assess motivation/effort demonstrated extremely high ceiling effects, with over
88% of participants completing the full task and hence not having a breakpoint. While the
small subset of participants with breakpoints was analysed and led to the conclusion that a
significantly greater number of MDD than HC participants quit the task, this should be
cautiously interpreted as evidence for an independent or significant contribution of MDD on
reduced motivation/effort. While the finding is in line with a robust previous literature,
these studies have primarily employed other paradigms, such as the Effort- Expenditure for
Rewards Task (EEfRT; Treadway et al., 2009) which may represent a better measure for
motivation in MDD. Similarly, cautious interpretation of the effect of MDD on memory
observed in Study 1 should be employed, as the result was unexpected given previous
literature. Rather than confirm either a reduced positive affective bias or increased negative
affective bias in memory recall (both of which have been consistently implicated in MDD,
e.g. Hamilton & Gotlib, 2008; Ridout et al., 2003), we observed the opposite effect of poorer
memory recall for negative stimuli specifically, in MDD relative to HC. Hence, while the
general finding of MDD being sensitive to affective memory biases in MDD was confirmed in
our study, the direction was opposite to our hypothesis based on an extensive previous
literature. More conclusive, and in line with previous studies, was the negative affective bias
observed in MDD (versus HC) in emotion recognition and identification, which was found to
be independent of ELS. The fact that MDD appears to be driving this effect is consistent with
studies of antidepressants that have shown reversal of such negative affective biases in

MDD, even prior to any mood or symptom changes (Harmer et al., 2009).This further
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indicates that MDD is likely central to these observed negative affective biases of emotion

processing, rather than a pre-existing environmental risk factor such as ELS.

Finally, while evidence from this PhD indicates that GMV changes in MDD may be
attributable to ELS, investigations of cortical thickness (in Study 4) indicated the opposite
pattern. With the exception of the parahippocampal gyrus (which demonstrated cortical
thinning likely driven independently by ELS), all other regions of interest (ROIs) were
associated with increased cortical thickness in MDD, irrespective of ELS. Previous studies of
cortical thickness in MDD have been inconsistent, with two recent meta-analyses reporting
divergent findings (Li et al., 2020; Suh et al., 2019). One possibility raised for inconsistent
findings by the authors had been differences in medication status in included studies,
however controlling for antidepressant use did not seem to explain these differences. Given
the findings from Study 4, it is possible that differences in previous studies of cortical
thickness in MDD may be in part due to not controlling for ELS in experimental samples.
Given that ELS has been associated with the opposite findings, namely widespread cortical
thinning in various brain regions (Bounoua et al., 2020; Dannlowski et al., 2012; Gold et al.,
2016; Heim et al., 2013; Kelly et al., 2013; Mclaughlin et al., 2014; Monninger et al., 2020),
this may potentially interfere with findings in MDD samples with high levels of unmeasured

ELS.

In summary, the main overarching conclusion of the studies included in this PhD is that
different constructs of affective cognition and different measures of structural brain
changes appear to differentially and specifically be affected by ELS or MDD. Given that our

analyses all controlled for ELS and ensured matched HC groups with comparable ELS (or
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specifically CSA) levels were included, findings can be more firmly attributed to either MDD
or ELS than has often been the case in previous studies. This distinction is important as it
may inform mechanisms underlying ELS as a risk factor for depression and elucidate more

targeted treatments/interventions.

2.1. Mechanisms

Mechanisms of how affective cognition and structural brain changes may confer risk from
ELS exposure to later development of MDD have been discussed in more detail in the
relevant included studies, but a brief overview (to avoid unnecessary repetition) is given

here.

From a neurobiological perspective, reductions in hippocampal volume following ELS has
been largely attributed to dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis
(Heim et al., 2000). HPA axis hyperactivity and atrophy of the hippocampus have also been
observed in animals following stress exposure (Krishnan & Nestler, 2011; Lupien et al., 2008;
Magarin & McEwen, 1995). Stress exposure leads to increased secretion of neurotoxic
glucocorticoids (Burke et al., 2005; Pittinger et al., 2008) which appear to have particularly
deleterious effects on the hippocampus (Lupien et el., 2008; McEwen, 1999; Sapolsky,
2000). This also may explain the particular sensitivity of hippocampal subfields implicated in
Study 3, as the cornu ammonis and dentate gyrus have particularly high densities of
glucocorticoid receptors, which has been theorised to underlie dendritic atrophy in these
hippocampal subfields following chronic stress exposure in animal studies (Samuels et al.,
2015; Vyas et al., 2002; Vyas et al., 2003). Sensitisation of the HPA-axis following ELS may

not only explain hippocampal GMV loss in ELS, but also provide a link to development of
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MDD. This mechanism may explain why those with significant ELS histories are more likely
to develop a major depressive episode in response to stressful life events than those
without ELS exposure (Hammen et al., 2000). However, the exact mechanism underlying the
connection between ELS, GMV hippocampal abnormalities, and MDD is still unknown, and
likely depends on a complex interaction of various biological processes, including
inflammation, oxidative stress, and neurotransmitter abnormalities, in addition to HPA-axis

sensitisation (Belleau et al., 2018).

The mechanisms underlying abnormalities of cortical thickness in MDD and ELS are less well
studied and understood. In general, it has been posited that exposure to significant ELS
during sensitive periods of brain development interferes with various essential processes of
brain development, including neurogenesis and pruning of synapses (Pechtel & Pizzagalli,
2011; Teicher et al., 2006a; Teicher et al., 2006b). Independent of ELS, cortical thickness
changes in MDD have been hypothesised to be related to increased inflammation in current
depression, which may lead to astrocyte hypertrophy as a compensatory mechanism, thus
leading to increases in cortical thickness (Li et al., 2020). However, further research is

needed to test this hypothesis.

Disruptions in affective cognition may represent another key mechanism linking ELS and
MDD. As shown in Study 1, several affective cognition constructs appeared primarily
modulated by ELS, irrespective of MDD. The changes observed, including a negative
affective bias of attention, heightened negative moral emotions, and abnormalities in value-
based choice, have previously been implicated in MDD and cognitive models of depression,

that highlight the role of such changes in the aetiology and maintenance of the disorder (for

227



a review see Elliott et al., 2011; Roiser & Sahakian, 2013). These models emphasise the
interplay between affective cognitive changes and several key brain areas, including the
amygdala and ventromedial frontal cortex (Elliott et al., 2011). Further evidence of the key
role of affective cognition changes in MDD have come from studies of antidepressant drugs
and psychological interventions (reviewed below), which have suggested that reversal of

affective biases may represent a key aspect of the efficacy of such treatments.

2.2. Clinical Implications

The results from this PhD have several clinical implications. Previous research has proposed
that affective cognition changes in MDD may be a prime target for antidepressant
treatment (Harmer et al., 2011; Clark et al., 2009). Extensive research has demonstrated
that affective biases observed in MDD can be reversed using both pharmacological and
psychological treatments (see Browning et al., 2010 for a review). Of note, studies of
antidepressant drugs (including selective serotonin reuptake inhibitors [SSRIs] such as
citalopram, and selective norepinephrine reuptake inhibitors [SNRIs] such as reboxetine)
have demonstrated improved affective memory bias (increased recall for positive versus
negative stimuli) following administration in HC (Harmer et al., 2004), a finding that was
replicated using autobiographical stimuli (rather than experimental stimuli such as
emotional words; Papadatou-Pastou et al., 2012). Interestingly, different types of
antidepressant treatment may have unique effects on affective cognition. For instance, one
study found that selective serotonin reuptake inhibitor (SSRI) led to decreased neural
activation in response to both pleasant and aversive stimuli (McCabe et al., 2010) which
authors propose may relate to SSRIs potentially limited benefit for patients with anhedonia.

SSRIs have also been found to affect emotion processing, specifically in an emotional face
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morphing task in which healthy female participants had a higher rate of detection for fearful
and happy faces (and quicker reaction times) than participants given placebo (saline

solution), while no changes in anger, disgust, or sadness was observed (Harmer et al., 2003).

Similar effects to antidepressant treatments may be observed in psychological interventions
designed to reverse affective cognitive biases. A study using positive mental imagery as part
of a cognitive bias modification (CBM) in depression found significant reduction in cognitive
bias and depressive symptoms following treatment, relative to depressed individuals who

were assigned to the control condition and did not undergo CBM (Lang et al., 2012).

Studies of the effect of antidepressant treatment on measures of affective cognition in MDD
have, to the authors knowledge, not included measures of ELS. It would be interesting to
investigate whether potentially the beneficial effects of antidepressant treatment in
reversing affective biases may be specific to those constructs that showed heightened
sensitivity to MDD, irrespective of ELS. Some evidence for this may be inferred, as many
affective processes studied in the aforementioned studies focussed on emotional memory,
and emotion processing (including emotion categorisation/identification), which we found

to be influenced by MDD diagnosis, independently of ELS, in Study 1.

Few studies have specifically investigated treatment responses for depressed patients with
high levels of ELS. A large multicentre study of almost 700 participants found that
psychotherapy alone (consisting of a blend of cognitive behavioural therapy and
interpersonal therapy) was superior to antidepressant treatment alone (using the atypical

antidepressant Nefazadone) in individuals with current MDD and a history of ELS (Nemeroff
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et al., 2005). A combination of both treatments was the most effective, though not
substantially more so than psychotherapy alone. While the authors conclude that this
highlights the need for psychotherapy in MDD cohorts with significant ELS, it should be
noted that this study limited its investigation to a single type of antidepressant medication
(Nefazadone) and hence cannot generalise to other types of antidepressant drugs.
Furthermore, the study used a unique definition of ELS and the second most common type
of ELS reported, after PA, was parental loss before age 15. Hence findings might not be
guite comparable to other studies focusing on CTQ subscales of ELS. Further research is
clearly needed to investigate whether specific types of antidepressant treatment may be

particularly beneficial for patients with high levels of ELS.

In addition to being a target of antidepressant treatment, changes in affective cognition may
also represent a potential future biomarker used for early detection of later depression
(Roiser & Sahakian, 2013). In particular for tasks sensitive to risk factors of MDD, such as
ELS, this may provide a unique opportunity to identify individuals who may benefit from
treatment to prevent the sequalae that may lead to later onset depression. However, this is
merely a hypothetical proposal, and significant research into the viability of tasks, such as
from the EMOTICOM test battery, to serve as individual predictors of later adverse

outcomes is needed.

Finally, in regard to structural brain changes associated with ELS and MDD, some research
has indicated that antidepressant treatment may partially reverse hippocampal GMV
reductions observed in studies of MDD (Frodl et al., 2008). While the precise mechanism

underlying this effect is unclear, some have proposed that this may be the result of
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antidepressants increasing neurogenesis in hippocampal cells, thereby leading to an
increase in GMV in this region (Boldrini et al., 2009). These studies, have however, not
included measures of ELS, so it is unclear how these factors may interact. Future studies are
needed to investigate the use of antidepressants in reversing hippocampal atrophy in
individuals with and without MDD and with and without significant levels of ELS, to better

understand potential benefits and mechanisms.

2.3. Implications for future research

Several implications for future research have already been noted. First and foremost, this
PhD has highlighted the need for future studies of depression and affective cognition and/or
brain structure to include measures of ELS and control for this in analyses. Furthermore,
several findings from past studies of depression, in particular relating to hippocampal
volume reductions and certain constructs of affective cognition, may need to be re-
evaluated, as emerging evidence (including from this PhD) suggests that several neural and
cognitive constructs may have been misattributed to MDD (when in fact ELS may be driving
these observed changes). However, future studies are needed to replicate these findings

and elucidate the mechanisms underlying observed changes.

It must be noted that ELS is by no means an exclusive risk factor for MDD. In fact, ELS
confers heightened risk for the development of multiple psychiatric disorders, including
psychosis (Varese et al., 2012), bipolar disorder (Palmier-Claus et al., 2016), anxiety
disorders, substance use, and eating disorders, amongst others (Green et al., 2010). Specific
disorders may be primarily associated with certain subtypes of ELS, as indicated by a meta-

analysis that identified physical/sexual abuse and neglect as most prevalent in depression
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and emotional abuse as most frequent in schizophrenia (Carr et al., 2013). ELS may
represent a transdiagnostic risk factor, possibly via shared mechanisms giving rise to
different symptoms. Altered affective cognition may underlie this link as a construct known
to be affected by ELS (as seen in Study 1) and implicated in various disorders in addition to
MDD. There is therefore a need to replicate the approach of this PhD in other mental health

problems, which raises issues of feasibility and tolerability.

2.3.1. Schizophrenia and affective cognition — Pilot Study

For instance, schizophrenia, similarly to MDD, has been consistently associated with various
impairments in affective cognition. Specifically, schizophrenia has been associated with
difficulty recognizing and labelling facial expressions accurately regardless of valence (Marsh
and Williams, 2006; Pomaroi-Clotet et al., 2010), reduced memory recall for positive (but
not neutral or negative) stimuli (Herbener, 2008; Herbener et al., 2007), dysfunctional
reinforcement learning (Murray et al., 2008; Roiser et al., 2009; Waltz et al., 2007), reduced
incentive motivation (Gold et al., 2013), and marked deficits in social cognition, including
theory of mind (Bora et al., 2009; Briine, 2005). Despite a comparably small lifetime risk of
schizophrenia of approximately 1% versus approximately 25% for MDD (Beddington et al.,
2008; Green et al., 2005), the resulting disability is so severe that it accounts for an
estimated annual £11.8 billion societal and £7.2 billion public sector cost in the UK alone
(Andrew et al., 2012). In addition to severely reduced quality of life, schizophrenia is also
associated with a more than 2.5 times greater mortality rate than the general UK population
(Andrew et al., 2012). Moreover, while antipsychotic drugs commonly prescribed for
schizophrenia and other psychotic disorders may successfully reduce positive symptoms

(such as hallucinations and delusions) they appear to have little effect on negative
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symptoms, cognition, or functional outcomes (Green et al., 2012; Wunderink et al., 2013).
Similarly, while randomised controlled trials of cognitive behavioural therapy in
schizophrenia have demonstrated some success in symptom reduction, generalizability to
social functioning outcomes and quality of life is poor (Cather et al., 2005; Garety et al.,
1997; Gumley et al., 2003). Affective cognition may represent a unique avenue to explore a
potential mechanism linking ELS exposure to development of schizophrenia, and possibly

offer insight into novel treatment targets, similarly as for MDD.

A small pilot study was conducted as part of the PhD, to assess feasibility of assessment of
affective cognition using the novel EMOTICOM test battery (Bland et al., 2016) in a cohort of
participants with schizophrenia. 6 participants, with a primary diagnosis of schizophrenia,
were recruited and completed both clinical evaluation (including the The Mini-International
Neuropsychiatric Interview (MINI; Sheehan et al., 1998), Positive and Negative Symptoms
Scale (PANSS; Kay et al., 1987), the Calgary Depression Scale for Schizophrenia (Addington et
al., 1993), and the same EMOTICOM test battery employed in Study 1. Participants also
completed the childhood trauma questionnaire (CTQ, Bernstein et al., 2003) and provided
demographic information. All 6 participants completed the full study and task performance
was checked to confirm non-random responding. The only significant difference to the MDD
and HC participants taking part in the same experimental setup in Study 1 was longer time
to complete the cognitive testing. The need for frequent breaks and reduced attention after
longer stretches of cognitive testing meant that participants completed the clinical

interview and tasks in 3-4 separate study sessions (rather than 2 as for the HC and MDD
participants). This may also be partially attributable to the testing environment, which was

in a communal space of a mental health rehabilitation unit, rather than a dedicated
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separate testing room. Due to small numbers, unfortunately no meaningful statistical
analyses could be conducted, however, the smooth process of data collection and full
datasets obtained provide promising feedback for the use of the EMOTICOM test battery in
schizophrenia. Future studies should seek to obtain data from a larger sample of individuals
with schizophrenia, to assess the hypothesis that ELS may represent a transdiagnostic risk
factor affecting various constructs of affective cognition and possibly relate to treatment

response and/or functional outcomes.

3. Strengths and limitations

3.1. Strengths

The studies included in this PhD had several strengths. Firstly, the multi-method approach
adopted enabled us to analyse possible effects of ELS and MDD on various different
experiment variables. Furthermore, highly controlled study designs with matching levels of
ELS across both HC and MDD groups were a unique advantage compared to many previous
studies in this area, as it allowed us to disentangle effects of ELS and MDD on neural and
cognitive variables of interest. In regard to affective cognition, the use of the validated,
standardised EMOTICOM test battery allowed us to comprehensively and systematically
assess multiple types of affective cognition, rather than limiting analyses to a single or few
tasks, as has often been previously done. In regard to neuroimaging analyses of structural
brain changes, use of FreeSurfer software, version 7.0, enabled segmentation of
hippocampal and amygdala subfields, and as such offered a more nuanced and detailed
analysis of structures of interest. Another strength of the PhD was the thorough clinical
assessment and inclusion of exclusively medication free MDD participants, ensuring no

possible confounding factors through antidepressant medication use, which have been
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shown to affect both affective cognition and morphological indices. Finally, since ELS cannot
be viewed as a single monolithic construct, we took care to report and analyse subtypes of
ELS (EA, PA, SA, EN, PN) or limit inclusion criteria to specific type and timing of abuse (such
as CSA in Studies 3 and 4). Many studies in ELS focus solely on cumulative ELS exposure
before age 18 (in the form of total CTQ score), and as such may miss more intricate findings

that may be specific to certain types of abuse.

3.2. Limitations

While the studies included in this paper generated multiple lines of novel evidence, several
limitations should be noted. Specific limitations pertaining to measures/tasks used in the
included studies have been described in detail in the individual papers and throughout the
discussion (and hence shall not be restated to avoid unnecessary repetition), however,

there are a few overarching limitations shared by all studies that are mentioned here.

A key limitation of this PhD, and common in ELS research more generally, pertains to
retrospective assessment of ELS. Prospective longitudinal studies remain the gold standard,
however, these are often not feasible due to time and financial constraints. Some
prospective studies have confirmed the reliability of the CTQ, such as a study using a
longitudinal design which measured actual exposure to physical abuse (assessed in both
face to face and computer based self-interviews) at regular intervals during childhood (aged
9-16), and compared these with CTQ scores collected during a later follow-up (aged 18-23),
and found the latter to provide a reliable indication (consistent with previous reporting
during childhood) of early life physical abuse (Liebschutz et al., 2018). Other studies have

suggested that ELS may be underreported in retrospective recall (such as self-report
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surveys), particularly in individuals with a history of childhood sexual abuse (Williams, 1994;
Widom & Morris, 1997) and physical abuse (Widom & Shephard, 1996). In a large study of
children who experienced ELS and were followed up approximately 20 years later, authors
found that 38% of women with documented childhood sexual abuse did not recall the abuse
at the time of follow up (Williams, 1994). Finally, there is some evidence to suggest that
current depression may slightly increase reporting of childhood trauma (though it is not
clear if this is due to previous suppression and then remembering, or incorrect
remembering during the depressive state) — a longitudinal study of 7466 adults completing
Canada’s National Population Health Survey found that individuals reporting no mental
health problems at baseline (1994/95) who went on to develop depression at the second
timepoint (2006/07) were significantly more likely to report additional instances of ELS that
had not been reported at baseline (Colman et al., 2016). The measure used did not specify
subscales of abuse comparable to the CTQ (other than physical abuse and loose correlates
to emotional neglect and physical neglect), and additional studies would be necessary to
determine whether certain subtypes of abuse may be more sensitive to this effect. Due to
feasibility, we were limited to retrospective recall of ELS in the studies included in this PhD.
We chose the validated and widely used CTQ in all studies, in addition to an interview
measure of ELS (the Traumatic Antecedents Questionnaire (TAQ; Herman et al., 1989;
Vanderkolk et al., 1991)) in Studies 3 and 4. The vast majority of studies included in the
systematic review (Study 2) similarly used the CTQ, indicating the widespread use of the

measure which may improve comparability between studies.

Another limitation of the PhD was that several studies, particularly Study 1 and Study 4

were underpowered for their designed analyses. This is discussed in more detail in the
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relevant discussion sections of these studies; however, it should be noted again here to
emphasise that conclusions drawn from these findings should hence be cautiously
interpreted, and future studies designed to investigate whether observed effects replicate,
are needed. Due to limited sample size, we were not able to further break down our
analyses by timing of abuse. We did limit timing of abuse in our eligibility criteria of both
neuroimaging studies (Study 3 and Study 4) in which we specified a timeframe for
occurrence of CSA (5-14 years of age), based on previous studies implicated this time frame
in hippocampal GMV (Andersen et al., 2008). Future studies, in particular those with larger
sample sizes, should further investigate the effect of timing of abuse on cognitive and neural
markers. The recently validated Maltreatment and Abuse Chronology of Exposure (MACE;
Teicher & Parigger, 2015) may provide a good tool to assess timing and type of abuse in far

greater detail.

Furthermore, another limitation that should be noted is that due to practical and funding
constraints, studies focused on two aspects of cognition and neural markers known to be
implicated in both ELS and MDD — affective cognition and brain structure (specifically GMV
and cortical thickness). However, as previously mentioned, other measures, including cold
cognition and functional brain measures, also play a key role in both MDD and ELS (Roiser &
Sahakian, 2013; Pechtel & Pizzagalli, 2011). Functional neuroimaging studies may be
especially well suited to study the neural underpinnings of affective cognition, and future
studies may consider investigating this using a similar study design (in particular with
matching ELS exposure in MDD and HC groups) as employed in this PhD. Similarly, while
tasks in the EMOTICOM test battery have been designed to be largely unaffected by

potential differences in cold (non-affective) cognition (or analysed in such a way that a
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potential confounding factor of cold cognition is accounted for, such as by controlling for
reaction time differences), future studies would ideally separately assess cold cognition (e.g.

using the CANTAB test battery) to control for this in analyses more directly.

Future research would also benefit from exploring other potential factors that have been
associated with both early life stress and MDD. Given the complexity of this research area
and the many variables involved, it may be difficult for any one study to incorporate all of
these factors, nevertheless, these should be considered and investigated in regard to
cognitive and neural changes associated with both ELS and MDD. While not an exhaustive
list of additional concepts of interest within this research domain, a brief mention of some
of the additional key variables not explored in this PhD, are included here to highlight the

complexity of the field and identify key areas of future research.

One such concept is resilience, defined as the capacity to maintain normal psychological
functioning and not develop psychopathology in the face of extreme stress and trauma
(Russo et al., 2012). In this PhD project, the HC/CSA group included in Studies 3 and 4 could
be considered resilient, given that participants in this group were classified as experiencing
significant CSA without any current or past psychopathology. While more research is
needed to understand the mechanisms underlying resilience, studies have found that
resilience in the face of ELS exposure may be an important mitigating factor in the
development of later depressive symptoms (Wingo et al., 2010). The neurobiological
underpinnings of resilience remain poorly understood though increasing evidence has
implicated complex mechanisms involving epigenetics, immune pathways, and various

neural signatures (Murrough & Russo, 2019). A related topic concerns resilience to
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recurrence in MDD, defined as continued remission in remitted MDD, which may itself be
associated with a unique neural signature (Workman et al,, 2017). Further research on
resilience is needed to better understand its role as a mitigating factor of ELS in the
development of MDD and other psychiatric disorders. Future research may hence benefit
including a validated measure of resilience, such as the frequently used Connor-Davidson
Resilience Scale (Campbell-Sills & Stein, 2007; Connor & Davidson, 2003) in studies of ELS
and MDD. An improved understanding of both the neural and behavioural/cognitive
mechanisms underlying resilience may provide important new avenues for treatment and
intervention, designed to prevent the development of psychopathology (such as MDD)

following ELS.

Another concept which was outside the scope of the current PhD but warrants further study
in this field pertains personality disorders. Some research has highlighted that in particular
emotional abuse may be linked to development of personality disorders, often in
conjunction with MDD (Carr et al., 2013; Kim et al., 2018). Interestingly, similar findings as
those published frequently in MDD, namely volumetric reductions of the hippocampus and
amygdala, have also been identified in borderline personality disorder (BPD) and appear to
be correlated with the severity of ELS experienced (Driessen et al., 2000). Given that ELS has
been identified as a risk factor for several personality disorders, including BPD (Ball & Links,
2009) and schizotypal personality disorder (Velikonja et al., 2019) and the high comorbidity
between personality disorders and MDD, estimated to be as a high as 50% of patients with
depression (Van & Kool, 2018), future studies should take care to include validated
assessments of personality disorders. This would allow additional analyses controlling for

potential personality disorders amongst participants with MDD and enable investigations of
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how ELS, MDD, and personality disorders may interact. It is well-established that individuals
with both MDD and personality disorders are associated with poorer clinical prognosis (Van
& Kool, 2018), further highlighting the importance of better understanding possible

cognitive and neural mechanisms as well as potential interactions with ELS.

Many more factors have been identified as potential links between ELS and later life MDD,
including inflammatory responses (Pace et al., 2006), gene-environment interactions and
epigenetics (Heim & Binder, 2012), and lifestyle factors such as exercise (Masrour et al.,
2018), to name but a few. It has become increasingly evident that the relationship between
ELS and MDD is extremely complex and likely involves the interplay of multiple factors.
Further research is needed to better understand these mechanisms in the hope of

ultimately identifying novel targets for successful interventions and treatments.

4. Conclusion
Overall, results from Studies 1-4, indicated that several findings previously attributed to

MDD, including specific constructs of affective cognition and GMV of the hippocampus and
its subfields (in addition to several other brain regions) are in fact better explained by ELS.
On the other hand, other factors, including cortical thickness and other constructs of
affective cognition, were driven primarily by MDD diagnosis, independent of ELS. These
findings highlight the specificity of effects of ELS and MDD on measures of affective
cognition and brain structure, and emphasise the need for inclusion of ELS measures in
studies of depression. Furthermore, results may shed light on potential mechanisms
underlying the link between ELS as a risk factor for later life depression with implications for

both pharmacological and psychological treatment mechanisms.
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