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Abstract

Depression in adults is associated with deficits in a number of cognitive domains, however it 

remains less clear how early in development theses deficits can be detected in early onset 

depression. There are several different hypotheses about the links between cognitive function and 

depression. For example, it has been argued that executive function deficits contribute to emotion 

regulation difficulties, which in turn increase risk for depression. Further, it has been suggested 

that some cognitive deficits, such as episodic memory, may reflect hippocampal abnormalities 

linked to both depression and episodic memory. We examined these questions in adolescents 

participating in a longitudinal study of preschool onset depression. We measured cognitive 

function at adolescence using the NIH toolbox (vocabulary, processing speed, executive function, 

working memory and episodic memory), and examined relationships of cognitive deficits to 

depression, emotion regulation, life stress and adversity, as well as hippocampal volume 

trajectories over three imaging assessments starting at school age. Depression related deficits in 

episodic memory were found. Youths with either current and past depression showed episodic 

memory deficits even after controlling for other psychopathology and family income. Depression 

severity, emotion dysregulation and life stress/adversity all predicted episodic memory 

impairment, as did smaller intercepts and slopes of hippocampal growth over time. Modest 

relationships of depression to hippocampal volume and strong relationships between emotion 

regulation and both episodic memory and hippocampal volume were found. These data are 

consistent with prior work in adults linking depression, episodic memory, emotion regulation, life 
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stress/adversity and hippocampal volume in adults and suggest similar relations are evident as 

early as adolescence when memory systems are under development.

General Scientific Summary

This study suggests that problems with episodic memory are apparent even among adolescents 

with a history of depression, suggesting that they emerge relatively early in the course of 

depression. Further, this work also shows that episodic memory impairments are related to stress/

adversity, emotion regulation and hippocampal volume, consistent with a developmental model of 

cumulative stress contributions to cognitive impairment associated with depression.
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A growing body of research has begun to examine whether depression is associated with 

deficits in aspects of cognitive function such as executive function, working memory, 

inhibitory control, episodic memory and processing speed (Bora, Harrison, Yucel, & 

Pantelis, 2013; Gotlib & Joormann, 2010). Collectively this work confirms that individuals 

with clinical depression can experience impairments in a range of cognitive domains, that 

such cognitive deficits may be an unmet treatment need that persist beyond remission of 

active depression (Medicine, 2015), and further, that such cognitive deficits may play a key 

role in risk for depression onset and recurrence. In particular, there is a body of research 

pointing to impairments in both executive function and episodic memory among individuals 

with a history of Major Depressive Disorder (MDD). As discussed below, deficits in 

executive dysfunction are hypothesized to be a risk factor for depression by virtue of their 

contribution to difficulties with regulating control over negative thoughts and rumination 

(Hankin, Young, Gallop, & Garber, 2018; Snyder & Hankin, 2016). Deficits in episodic 

memory are thought to potentially reflect a history of life stress, altered emotion regulation, 

and stress reactivity that may negatively impact hippocampal structure/function and the 

cognitive functions this structure supports, including episodic memory. Much of the work on 

cognitive function in MDD has been in adults. At least some of the hypotheses about the 

role of cognitive function in risk for depression suggest that such deficits might be apparent 

earlier in adolescence when these systems are developing (Ghetti & Bunge, 2012; Lee, 

Ekstrom, & Ghetti, 2014; Sowell, Delis, Stiles, & Jernigan, 2001), especially among those 

with early signs and symptoms of depression. Thus, the goal of the current work was to 

examine cognitive function among adolescents with both current and past depression and to 

examine factors earlier in development that might contribute to this hypothesized 

relationship. To do so, we used data from a prospective longitudinal study that started at 

preschool age and extended into late adolescence with multiple imaging waves to examine 

whether childhood depression is associated with impairments in episodic memory and/or 

executive function, and whether these are related to impairments in emotion regulation and 

or hippocampal volume growth trajectories.
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Patterns of Cognitive Impairment in Major Depressive Disorder

There are now a number of meta-analyses that have summarized the existing literature on 

cognitive impairment in adults with depression. For example, one meta-analysis found that 

MDD was reliably associated with impairments on tasks thought to measure various aspects 

of executive function, and that these impairments could not be accounted for simply by 

slower processing (Snyder, 2013). Several meta-analysis surveying a broader literature have 

concluded that individuals with MDD experience deficits in memory and attention domains 

as well in executive function (Ahern & Semkovska, 2017; Bora, et al., 2013; Rock, Roiser, 

Riedel, & Blackwell, 2014). Thus, together, these meta-analyses suggest that individuals 

with MDD experience deficits in a number of different cognitive domains. Interestingly, 

work has also examined deficits in future episodic simulation in MDD, which is thought to 

depend on many of the same psychological and neural processes as episodic recall of past 

memories (Mullally & Maguire, 2014; Schacter, 2012; Schacter, Benoit, De Brigard, & 

Szpunar, 2015; Szpunar, 2010). A further study found that individuals with MDD showed 

deficits in generating episodic, but not non-episodic, details about future events (King, 

Macdougall, Ferris, Herdman, & McKinnon, 2011). Two meta-analyses focused on younger 

populations also found evidence for broad cognitive impairment in child and adolescent 

depression, including significant impairments in episodic memory and executive function 

(Goodall et al., 2018; Wagner, Muller, Helmreich, Huss, & Tadic, 2015).

Comparisons against other patient groups suggests that deficits in at least some aspects of 

episodic memory may be particularly characteristic of MDD (Goodall, et al., 2018). For 

example, research has found that individuals with either MDD or schizophrenia showed 

impairments on a range of cognitive tests, but that individuals with MDD were more 

impaired than those with schizophrenia on delayed recall of information (Gooren, 

Schlattmann, & Neu, 2013). Other work found that inpatients with either MDD or 

schizophrenia showed impairments in a number of cognitive domains, including episodic 

memory, but that individuals with schizophrenia showed more improvement in episodic 

memory with clinical improvement than did individuals with MDD (Neu, Gooren, Niebuhr, 

& Schlattmann, 2017). Bourke and colleagues found that individuals with MDD were more 

impaired than those with social anxiety disorder on both verbal learning and memory and 

spatial working memory (Bourke et al., 2012).

Models of the Role of Cognitive Impairment in Risk for Depression

The literature reviewed above suggests that individuals with depression experience deficits 

in a number of different cognitive domains, with potentially particularly strong evidence for 

executive function and episodic memory. Further, there is some evidence that such deficits 

are already evident in depressed children and adolescents. As such, key questions are what 

mechanisms might link depression and cognitive impairment and whether such impairments 

are present early in the course of depression. Answers to these questions are key to inform 

earlier preventive interventions targeting cognitive development in depression risk 

trajectories.
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Reduced Cognitive Reserve as a General Risk Factor of Psychopathology

One hypothesis is the possibility that lower “cognitive reserve,” as indexed by lower IQ 

assessed prior to illness onset, is a general risk factor for developing psychopathology of 

many forms, including psychosis, depression and anxiety (Koenen et al., 2009). Given that 

IQ is correlated with cognitive function across many domains, at least some aspects of the 

broad cognitive dysfunction associated with MDD may reflect this risk factor that is present 

prior to illness onset and which remains even when acute episodes remit. As shown in Table 

1, this hypothesis would suggest that cognitive impairments should be relatively broad even 

among young individuals with depression (e.g., adolescents) and that they should be present 

even among those with a history of depression who are out of episode. Further, this 

hypothesis might also predict that such deficits should be worse among adolescents with 

more severe depression if a greater magnitude of reduced “cognitive reserve” is associated 

with stronger risk for depression. However, this hypotheses suggests that such cognitive 

impairments should not be specific to depression, but will be associated with most forms of 

psychopathology, including anxiety and externalizing disorders.

Executive Function and Emotion Regulation as Risk Factors for Depression

It is also possible that at least some aspects of cognitive impairment associated with MDD 

reflect processes associated with either risk factors specifically for MDD or the 

consequences of experiencing MDD. For example, another hypothesis is that deficits in 

executive function contribute to impairments in emotion regulation (e.g. rumination, 

negative preoccupation) a process that increases risk for depression. Hankin et al found 

evidence for prospective associations between deficits in executive function, “dependent” 

stress (stress that could be created by the individual’s behavior) and subsequent rumination, 

which in turn predicted increases in depression (Snyder & Hankin, 2016). Relatedly, 

Joormann and colleagues have argued that difficulties updating the contents of working 

memory and inhibiting the processing of negative information contribute to disturbances in 

emotion regulation, including rumination, which in turn contribute to risk for depression 

(Foland-Ross & Gotlib, 2012; Joormann & Quinn, 2014; Kircanski, Joormann, & Gotlib, 

2012; Yoon, LeMoult, & Joormann, 2014; Zetsche, D’Avanzato, & Joormann, 2012). These 

hypotheses both suggest that deficits in executive function are a risk factor for depression 

and should be (see Table 1): 1) present even among adolescents; 2) present in both depressed 

individuals and those with a history of depression; 3) associated with difficulties in emotion 

regulation; and 4) more specifically associated with depression than other forms of 

psychopathology, such as externalizing disorders.

Life Stress/Adversity, Hippocampus, and Episodic Memory in Relationship to Depression

As another example, a number of researchers have argued that MDD is associated with 

chronic stress and adversity as well as alterations in stress reactivity and emotion regulation 

(Andersen & Teicher, 2008; MacQueen & Frodl, 2011; Tafet & Nemeroff, 2016), providing 

a theoretical framework for understanding the consistent evidence for a link between MDD 

and reduced hippocampal volume (Schmaal et al., 2016). Given the large literature linking 

hippocampal function and structure to episodic memory (Cohen et al., 1999; Eichenbaum et 

al., 2016; Squire & Dede, 2015; Squire & Knowlton, 1995), this framework also provides 
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context for understanding a link between episodic memory impairments and MDD. It has 

been suggested that early life stress and adversity contribute to early hippocampal 

dysfunction (Anacker, O’Donnell, & Meaney, 2014; Lajud & Torner, 2015) and associated 

deficits in episodic memory and emotion regulation, with the latter a risk factor for the 

development of depression (van Bodegom, Homberg, & Henckens, 2017). This hypothesis is 

consistent with the evidence for reduced hippocampal volume even among first-episode 

depression patients (Cole, Costafreda, McGuffin, & Fu, 2011). Further, it has also been 

argued that hippocampal volume loss in depression may also reflect a type of neuro-toxicity 

associated with a cumulative history of stress and adversity, disrupted emotion regulation, 

stress reactivity and excessive HPA mediated glucocorticoid release (Sheline, 1996, 2011). 

This latter argument is consistent with evidence suggesting that hippocampal volume 

reductions are even more apparent among individuals with longer illness duration or more 

than one episode of MDD (McKinnon, Yucel, Nazarov, & MacQueen, 2009; Sheline, 

Sanghavi, Mintun, & Gado, 1999; Sheline, Wang, Gado, Csernansky, & Vannier, 1996). 

These hypotheses predict that episodic memory deficits should be (see Table 1): 1) present 

early in life in individuals at risk for depression; 2) associated with life stress/adversity and 

emotion regulation difficulties; 3) present even among individuals with a history of 

depression who are not currently depressed; and 4) associated with depression, but not some 

other forms of psychopathology (e.g., externalizing disorders).

Somewhat surprisingly, despite the clear evidence for both hippocampal volume reductions 

and episodic memory impairments in MDD, there has been little research examining the 

links between the two. A recent exception to this was work by Schweizer and colleagues in a 

general population sample (Schweizer, Kievit, Emery, Cam, & Henson, 2018). They found 

that depression was linked to both subjective and objective memory deficits, and both these 

deficits were in turn linked to smaller hippocampal volume. However, the correlations of 

objective memory deficits with depression and hippocampal volume did not survive 

correction for anxiety and general cognitive function, though it is not clear whether 

controlling for anxiety (often comorbid with depression) and general cognition (associated 

with episodic memory) controls for the variance of interest. There was, however, no direct 

relationship between depression and hippocampal volume in this community sample even 

without any covariates. Further, there has been no data to our knowledge about this link in 

adolescent depression when both memory ad hippocampal systems are under active 

development (Ghetti & Bunge, 2012; Lee, et al., 2014; Sowell, et al., 2001). Thus, there is a 

clear need for more research in child and adolescent samples with current or past clinical 

depression examining potential links between hippocampal volume and episodic memory.

Adolescence may be a particularly important time for examining the relationship between 

depression and cognitive function, as it is a time when many cognitive functions are 

undergoing their final evolution, with such procesess key for many of the development tasks 

that predominate in this stage of development. For example, adolescence is a time when 

executive functions are in the final stages of maturing, and are critical for the enhanced 

demands on self-regulation and emotion regulation that are needed with the shift to 

prioritizing peer interactions and the move to independence from the family unit (Casey, 

2015; Guyer, Silk, & Nelson, 2016; Modecki, Zimmer-Gembeck, & Guerra, 2017). 

Similarly, adolescence may be a time where disruptions in emotion regulation and the 
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experience of prior life stress may start to manifest in episodic memory deficits, potentially 

via hippocampal dysfunction, though it is possible that such relationships could also be 

present even earlier in life.

The goal of the current study was to generate further evidence about each of the theories 

described above linking cognitive function with depression, using data from a longitudinal 

study of youth with early childhood depression. We hypothesized that youth with either 

current depression or past depression would show impaired executive function and episodic 

memory, but that they might also show impairments in other cognitive domains as well. We 

hypothesized that the severity of such cognitive impairments would be greater in children 

with more severe depression (both current and past history). We also examined whether 

episodic memory deficits were related to hippocampal volume in this sample, and whether 

hippocampal volume mediated any association between depression and episodic memory. 

Finally, because of the literature above suggesting a putative link among depression, 

hippocampal volume, stress reactivity and life stress, we also examined associations to 

emotion regulation and life stress/adversity. As described above, it has been hypothesized 

that a key reason for a link between MDD and hippocampal volume, and by extension 

episodic memory, is a shared association with life stress and disrupted emotion regulation 

(MacQueen & Frodl, 2011). If so, we would expect that both life stress/adversity and 

emotion dysregulation may also be associated with both episodic memory and hippocampal 

volume reduction.

Methods

Participants

Participants were a sub-sample of youth enrolled in an ongoing, longitudinal study focused 

on examining the trajectory of preschool-onset depression and brain development (see 

Figure S1 for a flowchart of the study). At baseline, 306 children aged 3.0-5.11 years and 

their primary caregivers were recruited from the St. Louis area, using a checklist to 

oversample preschoolers with elevated symptoms of depression (J. Luby, Heffelfinger, 

Koenig-McNaught, Brown, & Spitznagel, 2004) and then followed longitudinally. At school 

age (ages 6.11 to 12.11), healthy children and those with a history of depression from this 

sample were invited for participation in scanning, along with recruitment of an additional 42 

healthy children (N = 210 completed the first wave of scanning). These children have had 

between 1 and 9 assessment waves and between 1 and 4 scan waves (Figure S1). Given the 

goals of the study, we focused our analysis on adolescents (N = 172) from the most recently 

completed assessment/scan wave (T9/MRI 4). Of these, 164 completed the NIH Toolbox 

Cognitive Assessment (see below). Exclusion criteria included (i) head injury with loss of 

consciousness >5 min; (ii) neurological illness; (iii) diagnosis of an Autistic Spectrum 

Disorder; (iv) treatment for lead poisoning; or (v) contraindications for MRI scanning 

(added starting at first scan wave). All study methods were reviewed and approved by the 

Institutional Review Board at the Washington University School of Medicine (IRB 

#201502094; PDS-III Imaging). Written informed consent and assent was obtained from all 

study participants.
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Clinical and Emotion Regulation Assessment

Diagnostic Interviews: Trained staff from the Early Emotional Development Program 

conducted up to nine in-person assessment sessions with participants and their primary 

caregivers over the course of the study (Figure S1). The children were between the ages of 

3.0-5.11 at the time of their first interview (T1) and between the ages of 13.3-19.4 at the 

most recent assessment wave (T9). The first three interviews (T1-T3) used the Preschool-

Age Psychiatric Assessment (PAPA) (Egger, 2009; Egger et al., 2006) as a diagnostic 

assessment. The PAPA is designed for diagnostic use with children ages 2.0-6.0 years (but 

has been used up to age 8.0), has acceptable reliability (Egger, et al., 2006), and consists of a 

series of developmentally appropriate questions answered by the primary caregiver which 

cover the DSM-IV criteria for all Axis I disorders, including MDD, ADHD, and anxiety 

disorders. The two-week duration requirement for MDD was omitted prior to age 8 based on 

prior data suggesting it is not a clinically sensitive cut-off in the preschool age group 

(Gaffrey, Belden, & Luby, 2011; J. L. Luby et al., 2002). The next five interviews (T4-T8) 

used the Childhood and Adolescent Psychiatric Assessment (CAPA) that allows for 

assessment of participants up to age 18. The CAPA probes for symptoms of a variety of 

psychiatric disorders as above but, unlike the PAPA, it makes use of reports from the child or 

adolescent in addition to the primary caregiver (Angold & Costello, 2000). The most 

recently completed interview (T9) used the KIDDIE Schedule for Schizophrenia and 

Affective Disorders (KSADS) (Kaufman et al., 2013; Kaufman et al., 1997), which also 

makes use of both primary caregiver and adolescent/young adult self-report. All diagnostic 

interviews were audiotaped and reviewed for reliability using the methods previously 

reported (J. L. Luby, Belden, Pautsch, Si, & Spitznagel, 2009). Caregiver and youth reports 

were combined using the methods described by Bird (Bird, Gould, & Staghezza, 1992).

We computed both categorical and dimensional childhood psychopathology scores for each 

child, with one version for just the most recent assessment wave (T9 – Current Depression) 

and one version that spanned from preschool through the assessment wave prior to the one 

that included the NIH Toolbox measures (i.e., T1-T8 – Cumulative Depression, see Figure 

S1). For the categorical scores, depression scores were coded as a 1 if the youth met criteria 

for either Major Depression, Depression Disorder NOS or Dysthymia based on either 

caregiver report or youth report and 0 if they did not. Anxiety scores were coded as a “1” if 

the youth met criteria for either social anxiety disorder, generalized anxiety disorder, specific 

phobia or post-traumatic stress disorder, and “0” if they did not. Externalizing scores were 

coded as “1 “if the youth met criteria for either opposition defiant disorder, conduct disorder 

or attention-deficit hyperactivity disorder.

We created analogous dimensional scores by summing the core depression symptoms, the 

core anxiety symptoms or the core externalizing symptoms as endorsed by either the 

caregiver or the youth for each assessment wave. For the versions that spanned from 

preschool through T8, we averaged across waves. Youth in the current analyses had data 

from a median of 8 assessment waves (range 2 to 9), with 94.5% of the youth having 4+ 

assessment waves, and 77% of the youth having 7+ assessment waves.
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Emotion Regulation: In order to assess the youths’ emotional regulation skills, the 

caregivers completed the Emotion Regulation Checklist (ERC) (Shields & Cicchetti, 1997) 

at each of the last four assessment waves (T6-T9). The ERC targets affective lability, 

intensity, valence, and flexibility and includes both positively and negatively weighted items 

rated on a 4-point Likert scale. It has two subscales: emotional regulation (higher scores 

indicate more positive/effective emotion regulation) and negative lability (higher scores 

indicate more emotional lability and less effective emotion regulation). In addition, the youth 

completed the child-report version of the Cognitive Emotion Regulation Questionnaire 

(CERQ-K) (Garnefski, Rieffe, Jellesma, Meerum Terwogt, & Kraaij, 2007) (Shields & 

Cicchetti, 1997) at each of the last four assessment waves (T6-T9). The CERQ-K uses items 

with a 5 point Likert scale to measure children’s tendencies to engage in a variety of 

emotion regulation strategies typically thought of as either associated with positive or 

effective emotion regulation (Acceptance, Positive Refocusing, Refocus on Planning, 

Positive Reappraisal, Putting it into Perspective) or negative or less effective emotion 

regulation (Self Blame, Rumination, Catastrophizing, Other-Blame). We created two 

composite scores, one for current emotion dysregulation (T9) and one for emotion 

dysregulation across the previous three assessment waves (T6-T8, as these measures were 

not available at earlier timepoints) to assess the degree to which current and historical 

emotion regulation related to cognitive function and hippocampal volume. For each 

composite score, we z-scored the individual items for parent and youth, reverse scored items 

so that a higher score indicated greater emotion dysregulation, and averaged them.

Life Stress and Adversity

We created a life stress/adversity score for each child, aggregating the occurrence of 

indicators of life stress/adversity from T1 to T9. Children received a point for each of the 

following, which were reported as part of the PAPA/CAPA/KSADs interviews described 

above: 1) single parent household; 2) parental arrest; 3) experienced foster care; 4) physical 

abuse; 5) sexual abuse; 6) poor coverage of financial needs; and 7) income-to-needs below 

the poverty line.

Cognitive Assessment

Youth completed a subset of the NIH Toolbox cognitive measures at their most recent 

assessment wave (T9) (see http://www.nihtoolbox.org for full description) (Bleck, Nowinski, 

Gershon, & Koroshetz, 2013; Gershon, Wagster, et al., 2013; Hodes, Insel, Landis, & 

Research, 2013). Using state-of-the-science methods, the battery was developed to be 

comprehensive, amenable for use in longitudinal studies, have relatively brief administration 

times, and to be psychometrically sound. Normative data was generated with a nationally 

representative sample of close to 5,000 participants. The Toolbox measures are either 

computer-administered and scored using algorithms embedded in the software, or tester-

administered with the results input through a standard interface. We administered tasks from 

the following five domains, using the age-corrected scores as the dependent measures.

Toolbox Picture Sequence Memory Test (TPSMT; Episodic memory 
domain): Participants are presented with a series of pictures depicting activities or events 

that could occur in a particular setting (i.e., working on a farm) (Bauer et al., 2013; Dikmen 
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et al., 2014). After being shown the pictures in order, the pictures appear in scrambled order 

on the screen and they have to try to arrange them in correct order on the screen. They are 

given multiple trials with the same set of pictures. The TPSMT has moderate test-retest 

reliability and reasonable convergent validity (Bauer, et al., 2013; Dikmen, et al., 2014).

Toolbox List Sorting Working Memory Test (TLSWMT; Working memory 
domain): This is a variant of the letter-number sequencing test (Gold, Carpenter, Randolph, 

Goldberg, & Weinberger, 1997) that uses pictures rather than words or letters (Tulsky et al., 

2014; Tulsky et al., 2013). Participants are presented with a series of pictures of animals or 

foods of different sizes, accompanied by the name presented auditorily by an iPad, and 

asked to repeat the items back in order from smallest to largest. The TLSWMT starts with a 

single category (i.e., animals). Participants are presented with a 2-item list, and if they get it 

correct, the next trial increases to 3 items, and so on until a maximum of 7 is reached. 

Participants have two opportunities (different trials) to provide a correct answer at each list 

length, and continue on to the next length if they get at least one of the trials correct. 

Participants then progress to a next phase where the trials interleave two different categories 

(i.e., animals and food). The participant is asked to first organize and repeat back the items 

for one category (i.e., animals) and then the other. The TLSWMT has good test-retest 

reliability and reasonable convergent validity (Tulsky, et al., 2013).

Toolbox Flanker Task (TFT; Selective Attention): This is a variant of the Eriksen 

Flanker task (Eriksen & Eriksen, 1974) that was adapted from the Attention Network Task 

(Fan, McCandliss, Sommer, Raz, & Posner, 2002; Rueda et al., 2004). There are four 

flanking arrows (2 on the outer left and 2 on the outer right) that are all facing the same way, 

either left or right. The middle arrow is then either facing the same way (congruent trial) or a 

different way (incongruent trial). Participants push a button to indicate whether the middle 

arrow is facing left or right. Scoring is based both on speed and accuracy. The TFT has 

excellent test-retest reliability and moderate convergent validity (Zelazo et al., 2014; Zelazo 

et al., 2013).

Toolbox Pattern Comparison Processing Speed Test (TPCPST; Processing 
Speed domain): This task (Carlozzi, Beaumont, Tulsky, & Gershon, 2015; Carlozzi et al., 

2014; Carlozzi, Tulsky, Kail, & Beaumont, 2013) was modeled on the Pattern Comparison 

Task developed by Salthouse (Salthouse, Babcock, & Shaw, 1991). Participants are shown 

two pictures and asked to determine whether the pictures are the same or not. The score is 

based on how many items they are able to complete correctly in a specific amount of time. 

The TPCPST has good test-retest reliability and moderate convergent validity (Carlozzi, et 

al., 2014; Carlozzi, et al., 2013).

Toolbox Picture Vocabulary Task (TPVT; Verbal IQ): This is a variant on the 

Peabody Picture Vocabulary Test (PPTV) (Gershon et al., 2014; Gershon, Slotkin, et al., 

2013). Participants hear audio files of words and are shown four pictures in a square, one of 

which depicts the concept, idea or object referenced by the auditorily presented words. The 

participant is asked to touch the picture that matches the word. The TPVT has good test-
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retest reliability and strong convergent validity (Gershon, et al., 2014; Gershon, Slotkin, et 

al., 2013; Mungas et al., 2014).

Imaging Acquisition

The focus of imaging data in the current manuscript is on how the trajectory of hippocampal 

volume development relates to episodic memory function in children with and without a 

history of preschool onset depression. As such, we focus on the hippocampal data from 

scans 1 to 3 which have already been processed through the Freesurfer Longitudinal pipeline 

(see below). Structural images were also acquired at Scan 4, co-incident with the time at 

which the cognitive data were acquired. However, Scan 4 switched to using a 3.0 Siemen’s 

Tesla Prisma whole-body scanner with a 32-channel head coil using Human Connectome 

Project style acquisitions (Glasser et al., 2016). While brain structure assessed at the same 

time as cognitive function is of interest, we are still in the process of determining the best 

way to integrate the first 3 scan waves of Trio scanner data with the newer Prisma data. 

Thus, the current analyses focus scan waves 1 through 3, which were performed using a 3.0 

Tesla Siemen’s Tim Trio whole-body scanner with a 12-channel head coil. Quality assurance 

measures included having subjects practice in an MRI simulator, evaluating head motion 

during structural scans, and recollection of data if necessary. Structural data were obtained 

using two 3D T1-weighted scans (TR 2,300 ms, TE 3.16 ms, TI 1,200 ms, flip angle 8°, 160 

slices, 256 × 256 matrix, field of view 256 mm, 1.0 mm3 voxels, 6:18 min per scan) in the 

sagittal plane using a magnetization-prepared rapid gradient echo (MPRAGE) sequence. 

Two resting-state fMRI (rsfMRI) scans were obtained during the same session with T2*-

weighted gradient-echo echo-planar sequence; neither of these modalities is of focus here.

Structural Imaging Processing

Hippocampal volumes were generated using the same Longitudinal Freesurfer processing 

stream as in Luby et al. (2016)(J. L. Luby et al., 2016). Specifically, for each scan session, 

the two MPRAGE scans were assessed visually, and the best in terms of quality and contrast 

selected by blind raters. Processing of structural data was accomplished using the FreeSurfer 

Longitudinal pipeline v5.3 rhttp://surfer.nmr.mgh.harvard.edu1 (Reuter, Rosas, & Fischl, 

2010) with visual inspection of the white and pial surfaces for errors and regeneration with 

manual intervention to correct for errors when necessary by an experienced rater blinded to 

diagnostic category. Processing steps included skull stripping, atlas registration, spherical 

surface registration, and parcellation. Importantly, the longitudinal ‘stream’ includes 

initialization from an unbiased within-subject template (created across the longitudinal 

scans), which reduces the bias that would otherwise be present in selecting a single scan as 

“baseline”. Using an unbiased longitudinal template significantly increases reliability and 

statistical power (Reuter, Schmansky, Rosas, & Fischl, 2012). For approximately 10% of 

sessions, poor scan quality (in both MPRAGEs) required excluding those sessions from the 

longitudinal analysis (n = 29, 22, and 18 at the three waves, respectively). In those cases, 

FreeSurfer’s longitudinal stream was run using the remaining available sessions for that 

participant. Volume of the left and right hippocampus in the subject’s ‘native space’ were 

obtained FreeSurfer’s “aseg.stats” report. We did not have a priori hypotheses about left or 

right hippocampus, and thus we averaged the two together, though the patterns were the 

same for left or right hippocampus. To generate individual intercepts and slopes of 

Barch et al. Page 10

J Abnorm Psychol. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://surfer.nmr.mgh.harvard.edu1/


hippocampal volume for each youth, we used a growth curve model that included both 

random intercept and random slope components (with an unstructured covariance matrix 

between the two). Time was coded as wave number (1, 2, 3). The model included age at scan 

1 (centered at mean=10.3 years), quadratic age at scan 1, and gender (1=male, 0=female) as 

covariates. This was the same type of model used in our prior work to examine the 

relationship between maternal support and hippocampal developmental trajectories (J. L. 

Luby, et al., 2016). Slopes and intercepts of hippocampal volume were available for 160 of 

the 164 children with NIH Toolbox Data. As a comparison “control” region, we examined 

the caudate using analogous measures given some previous research suggesting a role for 

caudate in links among stress/adversity and depression (Frodl et al., 2017).

Statistical Analysis

We started by using the categorical depression scores to ask whether children with either a 

current depression diagnosis or who ever had a depression diagnosis differed in cognitive 

function. To do so, we used Multivariate Analysis of Variance (MANOVA) with the five 

cognitive variables as the dependent measures and both age at cognitive testing and gender 

as covariates. Significant omnibus tests were followed up by post-hoc comparisons using 

false discovery rate. We examined the anxiety and externalizing scores as a comparison to 

address questions of specificity to depression. We then examined relationships to 

dimensional depression severity and recurrence scores using partial correlations controlling 

for age, gender, and family income. We next examined the relationships of the cognitive 

scales that were associated with depression to emotion regulation and life stress/adversity, 

again using partial correlations, though in the case of stress/adversity, we did not control for 

family income since that was part of the stress/adversity variable. Lastly, we examined the 

relationship of the hippocampal slopes and intercepts to episodic memory, depression, 

emotion regulation and stress/adversity, again using partial correlations. Of note, all analyses 

reported below held when we controlled for whether or not the child was currently taking 

any psychotropic medications, or had a history of taking psychotropic medications.

Results

Participant Characteristics

Of the 164 children with complete NIH Toolbox Data, there were 85 youth with no current 

or past history of depressive disorder (N-MDD), 58 youth with past, but not current, 

depressive disorders (P-MDD) and 21 youth with a current depressive disorder (C-MDD). 

As shown in Table 1, these three groups did not differ in age at T9 assessment, the 

percentage of females, or the percentage of African-American youth. However, N-MDD had 

a higher family income than both C-MDD and P-MDD. C-MDD were more likely to have a 

current anxiety disorder compared to the other groups, but both C-MDD and P-MDD were 

more likely to have a lifetime history of anxiety disorder than N-MDD. C-MDD were more 

likely to have a current externalizing disorder than P-MDD, who were in turn more likely 

than N-MDD. Both C-MDD and P-MDD were more likely to have a lifetime history of 

externalizing disorders compared to N-MDD. Of the children who were recruited into the 

scanning wave of the study (N = 210), those who did and did not complete the cognitive 

battery at T9 did not differ on any of the following characteristics at the first scan wave 
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(MRI 1): age, family income, dimensional depression, anxiety or externalizing scores, or 

lifetime history of depression, anxiety or externalizing disorders (all ps > .19).

What Types of Cognitive Impairment Are Associated with Depression?

We started by using a MANOVA to examine whether youth with current or past depressive 

disorders differed from those without in any of the five domains of cognitive functions. The 

omnibus MANOVA was significant (Roy’s Largest Root F(5,156) = 3.85, p = .003, partial 

η2 = .11; Pillai’s Trace F(10,312) = 2.23, p = .016, partial η2 = .067). As shown in Figure 1, 

follow-up univariate (ANOVA) tests using the 3 groups (N-MDD, P-MDD, and C-MDD) 

indicated that the groups differed on the episodic memory domain (Picture Sequencing test, 

F(2,159) = 6.86, p = .001, partial η2 = .079, passes FDR correction), but not on any of the 

other four cognitive tests (all ps > .32). As can be seen in Figure 1, both the C-MDD and P-

MDD groups had significantly worse performance than the N-MDD group (ps < .005), but 

did not differ from each other (p = .32). As noted above, the depressive disorder groups 

differed in family income, and family income can be related to cognitive function. Thus, we 

repeated this analysis with family income as a covariate, with the same results (Roy’s 

Largest Root F(5,156) = 3.648, p=.004, partial η2 = .107; Pillai’s Trace F(10,312) = 2.16, p 
= .02, partial η2 = .066).

How Specific are Cognitive Impairments To Depression?

The cognitive reserve theory (Table 1) would suggest that cognitive impairments should not 

be specific to depression, while the emotion regulation and episodic memory deficit theories 

would suggest more specificity to depression. Thus, we computed the same analysis for 

children with a current anxiety disorder (N = 51), a past but not current anxiety disorder (N 

= 47) or no history of anxiety disorder (N = 66). The omnibus MANOVA was not significant 

(Roy’s Largest Root F(5,156) = 1.56, p= .18, partial η2 = .048; Pillai’s Trace F(10,312) = 

1.16, p= .32, partial η2 = .036). We also computed the same analysis for children with a 

current externalizing disorder (N = 22), a past but not current externalizing disorder (N = 53) 

or no history of externalizing disorder (N = 89). This omnibus MANOVA was significant 

(Roy’s Largest Root F(5,156) = 6.578, p < .001, partial η2 = .174; Pillai’s Trace F(10,312) = 

3.07, p = .001, partial η2 = .09). As shown in Figure S2, follow-up univariate tests indicated 

that the externalizing groups differed on both the episodic memory (Picture Sequencing, 

F(2,159) = 8.37, p < .001, partial η2 = .095, passes FDR correction) and vocabulary domains 

(Picture Vocabulary, F(2,159) = 10.56, p < .001, partial η2 = .117, passes FDR correction), 

but not on any of the other three cognitive tests (all ps > .13). The pattern for externalizing 

disorders was different than for depressive disorders (Figure S2). For both episodic memory 

and vocabulary, the youth with current externalizing disorders differed from both the youth 

with only past externalizing and those with no history of externalizing (all ps < .001), who 

did not differ from each other (ps > .84).

As described above, both current depressive and externalizing disorders were related to 

episodic memory performance, though only youth with past depressive disorders, and not 

those with past externalizing, also showed impaired episodic memory. Nonetheless, as 

shown in Table 1, rates of current externalizing disorders were higher among youth with 

both current and past depressive disorders, raising the question of whether there is a 
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relationship of depressive disorders with episodic memory independent of a relationship 

with current externalizing disorder. We addressed this by computing a univariate ANOVA 

with picture sequencing as the dependent variable and both depressive disorder (none, past, 

current) and externalizing disorder (none, past, current) as factors. This analysis indicated 

significant main effects of both depressive disorder (F(2,153) = 3.22, p = .043, partial η2 = .

04) and externalizing disorder group (F(2,153) = 4.32, p = .015, partial η2 = .053). Further 

follow-up analyses showed that youth with both current and past depressive disorders had 

worse episodic memory than those with no current or past MDD (ps <.05), while youth with 

current externalizing had worse episodic memory than those with past but not current 

externalizing or no externalizing disorders (ps <.05).

Relationships of Episodic Memory to Depression Severity and Recurrence

Both the cognitive reserve and episodic memory hypotheses predict that greater episodic 

memory impairments should be associated with more severe and/or recurrent depression. 

Thus, we examined the relationships of episodic memory to dimensional symptom counts on 

the KSADs at T9 (current depression), the average dimensional symptom counts across the 

course of the study from T1 to T8 (cumulative depression), and the number of waves on 

which an adolescent had received a diagnosis of depression, using regressions that controlled 

for T9 age, gender and family income. As shown in Table 2, all three measures of depression 

severity and recurrence were associated with reduced episodic memory, with all partial 

correlations passing FDR correction. Importantly, cumulative depression symptoms 

remained a significant predictor even when anxiety and externalizing symptom counts from 

T1 to T8 were included in model (r = −.18, p =.037, CI+− .65 to −.02).

Relationships of Episodic Memory to Emotion Dysregulation.

The hypotheses outlined in Table 1 suggest that worse episodic memory should be 

associated with greater emotion dysregulation. As shown in Table 3 and Figure 3, partial 

correlations controlling for age, gender and family income provided evidence for these 

predicted relationships, with both current emotion dysregulation and historical emotion 

dysregulation showing significant relationships to worse episodic memory function. Of note, 

contrary to the predictions made by the executive dysfunction model, we did not see any 

relationships between emotion regulation and executive function (ps >.5). Not surprisingly, 

partial correlations controlling for age, gender and family income also showed that current 

emotion dysregulation was associated with current depression severity (r = .51 , p <.001, CI

+− .69 to .43) as were the measures of emotion dysregulation and depression from T6-T8 (r 
= .53 , p <.001, CI+− .72 to .46).

Relationships of Episodic Memory to Stressful Life Events and Adversity

The hypotheses outlined in Table 1 suggest that episodic memory should be associated with 

stressful life events and adversity. As shown in Table 3, in partial correlations controlling for 

age and gender (but not family income life), greater life stress/adversity was associated with 

worse episodic memory. Again, not surprisingly, partial correlations controlling for age and 

gender also showed that life stress/adversity was associated with both current depression 

severity (r = .26 , p <.001, CI+− .40 to .14) and depression severity from T6-T8 (r = .32 , p 
<.001, CI+− .46 to .20).
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Hippocampal Volume

As outlined in Table 1, the life stress/adversity model suggests that the link between 

depression and episodic memory reflects disruption of the hippocampus. To determine 

whether our data are consistent with this hypothesis, we first examined the association 

between episodic memory and either hippocampal volume intercepts or slopes (trajectories 

across scans). As shown in Figure 3, larger hippocampal intercepts (i.e., mean volume, r = .

17, p = .017, CI+− .30 to .04) and slopes (i.e., increase over time, r = .16, p = .025, CI+− .29 

to .03) were related to better episodic memory. These results remained the same if family 

income was also included as a covariate. The relationship between hippocampal intercepts 

and episodic memory remained significant if also controlling for total gray matter volume (r 
= .15, p = .033, CI+− .28 to .02), with a trend for hippocampal slopes (r = .11, p = .094, CI+

− .24 to −.02). We also asked whether hippocampal intercepts and slopes were 

independently related to episodic memory. However, neither was significantly related to 

episodic memory when controlling for other, suggestion that they were accounting for 

shared variance in episodic memory.

Further, to examine specificity, we looked at relationship to caudate, and did not find 

significant relationships between episodic memory and either caudate intercepts (r = .14, p 
= .089, CI+− .29 to −.01) or caudate slopes (r = −.08, p = .35, CI+− .23 to .07). The 

magnitude of the relationship of hippocampal versus caudate intercepts to episodic memory 

did not differ significantly, but hippocampal slopes were significantly more correlated with 

episodic memory than were caudate slopes (Z = 2.30, p = .01), suggest some evidence for 

specificity.

We next asked whether our categorical or dimensional measures of depression were related 

to either the hippocampal intercept or slope measures. We started by using a MANOVA to 

examine whether youth with current or past depressive disorders differed from those without 

in either hippocampal intercepts or slope. The omnibus MANOVA was trend level 

significant (Roy’s Largest Root F(2,162) = 3.20, p=.043, partial η2 = .38; Pillai’s Trace 

F(4,324) = 1.60, p = .175, partial η2 = .019). Follow-up univariate tests indicated that the 

three depressive disorder groups differed on intercepts (F(2,162) = 3.18, p =.044, partial η2 

= .038) but not slopes, (F(2,162) = 2.30, p =.103, partial η2 = .028). Both youth with current 

(M = 7.87, SD = .86) and past MDD (M = 7.68, SD = .70) had lower hippocampal intercepts 

than those youth with no history of depression (M = 8.00, SD = .72), but only the 

comparison of past depression (P-MDD) to never depressed (N-MDD) was significant (p = .

013), potentially due to the smaller sample size of the current depression group. However, as 

shown in Table 2, none of the dimensional measures of depression were significantly related 

to either hippocampal intercepts or slopes.

Emotion Regulation, Life Stress/Adversity, and Hippocampal Volume

The life stress/adversity model also predicts that there should be a correlation between 

emotion regulation and life stress/adversity and either or both hippocampal intercepts or 

slopes. As shown in Table 3 and Figure S3, partial correlations controlling for age, gender 

and family income show that that greater current emotion dysregulation was associated with 

smaller hippocampal intercepts and slopes, as was greater historical emotion dysregulation. 
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These results all passed FDR correction and remained significant if the corresponding gray 

matter measures were included as covariates (e.g., intercept or slope). Further, partial 

correlations controlling for age and gender showed that life stress/adversity was related to 

smaller intercepts and slopes (Table 3). We asked whether hippocampal intercepts and slopes 

were independently related to emotion regulation or stress/adversity. For current emotion 

regulation, neither was significantly related when controlling for other, suggestion that they 

were accounting for shared variance in current emotion regulation. However, even when 

controlling for hippocampal intercepts, slopes remained significantly associated with both 

historical emotion regulation (r = .13, p = .048, CI+− .26 to .01) and stress/adversity (r = .17, 

p = .015, CI+− .30 to .04), though the opposite was not true for intercepts.

Figure 4 provides a schematic illustration of the interrelationships hypothesized as part of 

the life-stress/adversity model, along with a summary of the significant relationships 

outlined above that are consistent with this model. Consistent with this model, we found 

evidence that worse episodic memory was associated with both smaller hippocampal 

volume/slopes and greater depression severity, worse emotion dysregulation and greater life 

stress/adversity. Further, we found evidence that worse emotion dysregulation and greater 

life stress/adversity were associated with smaller hippocampal volume/slopes, though only 

modest evidence for a relationship to depression. This model also implies that hippocampal 

volume should mediate the relationship between either or both stress/adversity and emotion 

dysregulation with episodic memory. Thus we tested mediation models using the PROCESS 

3.0 macro. The direct effect of life-stress/adversity to episodic memory was no longer 

significant with either hippocampal intercepts (t = −1.54, p = .13) or slopes (t = −1.64, p = .

10) in the model, but there was not a significant indirect mediation effect for either intercepts 

(Boot Strap CI −.55 -- .02) or slopes (Boot Strap CI −.52 -- .04). For both current and 

historical emotion dysregulation, the direct effects remained significant for mediation 

models with either hippocampal slopes or intercepts (all ps <.05), and all of the indirect 

mediation confidence intervals included 0.

Discussion

The goal of the current study was to examine cognitive function among adolescents with 

current or past MDD in a longitudinal study of youth with early signs and symptoms of 

depression. Our goal was to test the predictions associated with several different models of 

the potential links between depression and different patterns of cognitive function, as 

outlined in Table 1. We found that both youth with current and past MDD showed 

impairment in episodic memory, even when controlling for internalizing and externalizing 

disorders and family income. Notably, we did not find MDD related deficits in other 

cognitive domains, suggesting that episodic memory is a specific cognitive impairment in 

adolescent depression. Youth with current externalizing disorders showed evidence of 

impairments in both vocabulary and episodic memory. Both current and cumulative 

depression severity, as well as number of prior depression episodes, were associated with 

greater episodic memory impairment. Further, both life-stress/adversity and emotion 

dysregulation were also associated with greater episodic memory impairment. In addition, 

smaller hippocampal intercepts and shallower slopes of hippocampal growth over time were 

also associated with greater episodic memory impairment. There were only modest 
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relationships of depression to hippocampal volume, but robust relationships of both emotion 

dysregulation and life-stress/adversity to both episodic memory and hippocampal volume. 

These findings begin to elucidate a developmental mechanistic model of specific cognitive 

impairments in adolescent depression as discussed in more detail below.

We found that youth with current or past depression showed episodic memory impairments. 

This finding is consistent with a large body of literature in adults with depression that also 

shows episodic memory impairment in both individuals with current MDD and those with a 

prior history of MDD (Ahern & Semkovska, 2017; Bora, et al., 2013; Rock, et al., 2014; 

Snyder, 2013). However, we were somewhat surprised to not find evidence for impairments 

in other cognitive domains as well. As described in the introduction, the literature on adults 

with MDD suggests impairments in episodic memory, but also impairments in executive 

function, working memory, and processing speed. Further, the “cognitive reserve” model 

would have predicted broader cognitive deficits, and the emotion regulation model would 

have predicted more evidence for executive function deficits. While the previous literature 

might suggest that episodic memory may show some evidence of greater impairment in 

MDD as compared to some other disorder (Bourke, et al., 2012; Gooren, et al., 2013; Neu, et 

al., 2017), we would have expected somewhat more evidence for impairments in other 

cognitive domains. There are several possible reasons for this more selective cognitive 

impairment in the current study. First, one possibility is that episodic memory deficits are an 

early emerging aspect of cognitive impairment in adolescent depression given the 

developmental salience of this cognitive domain during this period. Along this line, it is 

possible that evidence for other cognitive impairments will emerge as our youth grow older. 

However, this explanation runs counter to the other studies in children and adolescents that 

have shown broader cognitive impairment (Wagner, et al., 2015) and is not consistent with 

suggestions that executive dysfunction is a risk factor for depression (Snyder & Hankin, 

2016). Another possible explanation is that many previous studies in children and 

adolescents have not necessarily controlled for confounding factors such as family income 

and the presence of other comorbid symptoms (anxiety) and disruptive disorders, which can 

also be associated with cognitive impairment. However, even if we compare children with 

MDD to children free of any psychiatric disorder and do not control for SES, we still see 

deficits only in episodic memory. Another possibility is that our measure of executive 

function (Flanker task from the NIH Toolbox) was not optimal, and that other measures of 

executive function would provide greater evidence for impairment. Work with additional 

samples and other measures of executive function will be needed to clarify the level of 

impairment in other cognitive domains associated with early depression.

In contrast, consistent with the life stress/adversity model and the adult MDD literature, we 

found that episodic memory deficits were present in youth with a current diagnosis of MDD, 

as well as in those with only past and not current MDD. This provides further evidence that 

such episodic memory deficits continue into remission (Bora, et al., 2013; Rock, et al., 2014; 

Snyder, 2013). We also found that greater severity of both current and past depression, as 

well as the number of prior depressive episodes, was related to worse episodic memory 

impairment. This finding is again consistent with the adult literature (Fossati et al., 2004; 

McDermott & Ebmeier, 2009; Talarowska, Zajaczkowska, & Galecki, 2015) and the 

predictions of the life stress/adversity model, as well as speculations about the neurotoxicity 

Barch et al. Page 16

J Abnorm Psychol. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of depressive experiences (Sheline, 1996, 2011). Importantly, this finding in an adolescent 

population highlights the need to examine whether early intervention among children with 

early onset depression might help stave off more severe impairment in episodic memory and 

suggests that early interventions should also target this cognitive domain. However, as we 

did not have assessments of episodic memory from when the children first entered the study 

in their preschool years, we cannot tell whether the greater episodic memory impairment in 

children with a greater cumulative history of depression severity reflects increases in 

episodic memory deficits over time or whether those children who go on to have a more 

severe depression course start out with more impaired episodic memory. Regardless, 

findings have implications for the clinical treatment of adolescent depression.

As noted in the introduction, it is has been hypothesized that one of the reasons that there 

could be a relationship between depression and episodic memory is because chronic and/or 

early life stress is a risk factor for MDD (Pagliaccio & Barch, 2016; Stroud, Davila, & 

Moyer, 2008) as well as emotion dysregulation (VanTieghem & Tottenham, 2017) and 

reduced hippocampal volume (Kim, Pellman, & Kim, 2015; Pagliaccio & Barch, 2016). As 

such, we examined whether life stress/adversity, emotion dysregulation, and/or hippocampal 

volume were associated with episodic memory in youth. Consistent with this model, we 

found that both life stress/adversity and emotion dysregulation were associated with worse 

episodic memory, as well as with greater depression, providing further evidence for the 

developmental validity of this risk trajectory established in adult populations.

We also found evidence that hippocampal volume showed some association with episodic 

memory. Both lower intercepts (i.e., predicted ‘baseline’ volume at the first scan wave) and 

smaller slopes (shallower increase in hippocampal volume across the three scan waves) were 

associated with worse episodic memory, though they accounted for overlapping variance. 

Although this relationship was predicted a priori and remained significant even when 

controlling for family income and gray matter volume (for intercepts, with a trend for 

slopes), the magnitude of these relationships was small (r ≤ 0.17). Further, we also found 

only a very modest relationship of hippocampal volume to depression, with a trend level 

reduction in hippocampal intercepts and no relationship of hippocampal volume (intercepts 

or slopes) to the dimensional measures of depression. This pattern of findings is generally 

consistent with the work of Schweizer et al. (Schweizer, et al., 2018), who found an 

association of hippocampal volume and episodic memory in community dwelling adults, but 

no relationship of hippocampal volume to depression. Further, we also directly tested the 

hypothesis that hippocampal volume might be mediating the associations of life stress/

adversity and emotion dysregulation to episodic memory, but did not find evidence for 

significant mediation.

We also found evidence that both life-stress and emotion dysregulation were related to 

smaller hippocampal volumes with slopes, findings that are generally consistent with our 

prior work in this sample linking poverty and early stress to reduced hippocampal volume (J. 

Luby et al., 2013; J. L. Luby et al., 2012). Further, we found that reduced slopes were more 

strongly related than reduced intercepts to both life stress/adversity and emotion 

dysregulation, suggesting the possible importance of cumulative and ongoing stress and 

dysregulation. However, we did not find evidence that hippocampal volume mediated the 
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relationships between either life stress or emotion dysregulation and episodic memory. It is 

possible that we will see a stronger relationship of depression to hippocampal volume as our 

participants grow older, or more support for mediation, given the evidence described in the 

introduction linking duration of illness and recurrence to hippocampal volume in depression 

(McKinnon, et al., 2009; Sheline, et al., 1999; Sheline, et al., 1996). Thus, the while the 

current data suggest links between episodic memory and both depression and a constellation 

of constructs associated with stress, emotion dysregulation and hippocampal volume, they 

do not provide strong support consistent with the hypothesis that the link between 

depression and episodic memory, or between life stress or emotion dysregulation, is 

mediated through hippocampal structure.

There are a number of limitations to the current study. First, some of the children were 

currently taking medications or had taken medications in the past, and it is possible that this 

could impact cognitive function. However, the results reported held when controlling for 

either current use of psychotropic medication or history of psychotropic medication use. 

Second, our assessment of cognitive function was limited to five domains and it is possible 

that there are other cognitive domains that we did not assess which would have been 

impaired in these children, such as inhibition, other aspects of executive function, or visual-

spatial processing. Third, we did not have detailed assessments of cognitive function from 

when the children were in preschool, or throughout the course of the study, and thus we 

cannot tell from our findings how much the cognitive deficits we assessed resulted from the 

experience of having depression, versus emerged concurrently with depression, versus 

having been present prior to the onset of depression. Future longitudinal studies that start 

cognitive assessment at an early age will be necessary to identify the time course of 

cognitive impairment in relation to depression in children.

In summary, the current data add to the literature on cognitive function in depression by 

showing that both adolescents with current and those with past depression show impairments 

in episodic memory function. This is an important finding beyond the replication in younger 

samples, as memory is a salient developmental phenomenon in adolescence and therefore 

represents a key new early intervention target. Further, the magnitude of the episodic 

memory impairment was associated with depression severity, emotion dysregulation and life 

stress/adversity, consistent with models in the literature of these relationships. In addition, 

we found an association of hippocampal volume with episodic memory and depression, 

though the magnitudes of these relationships were modest. We also saw robust relationships 

among emotion dysregulation, life stress/adversity, hippocampal volume and episodic 

memory, though we did not find evidence that hippocampal volume was the mediator of 

stress/dysregulation relationships to episodic memory. Nonetheless, this later set of 

relationships suggests that it will be important to examine the potential role of emotion 

regulation in the links between hippocampal volume and episodic memory, with an eye 

toward possible early intervention and prevention pathways starting in childhood to target 

adolescent and adult depression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Depressive Disorder Group Differences on the NIH Toolbox
Graph of mean and standard error for each of the five NIH Toolbox measures as a function 

of Depressive Disorder Group. Asterisks indicate significant differences among depressive 

disorder groups.
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Figure 2: Episodic Memory and Emotion Regulation
Scatterplot illustrating the relationships between the current (T9) emotion dysregulation 

composite and episodic memory.
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Figure 3: Episodic Memory and Hippocampal Volume
Scatterplots illustrating the relationships between hippocampal intercepts (A) and slopes (B) 

from the multi-level model across MRI 1-MRI 3 and episodic memory.
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Figure 4: Schematic Model of the Potential Associations Among Life Stress/Adversity, Emotion 
Dysregulation, Depression, Hippocampal Volume and Episodic Memory
Arrows represent hypothesized associations. “+” signs indicate relationships found in the 

current data that are consistent with hypothesized associations. “~” indicates modest 

evidence. “?” indicates open questions in need of further research.
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