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Abstract

Introduction: Major depressive disorder (MDD) and trauma-related disorders

are associated with deficits in remembering the past and imagining the future

(i.e., episodic simulation). We examined parental bonding and neuropsycholog-

ical performance in relation to episodic simulation in trauma-exposed patients

with recurrent MDD. Methods: Trauma-exposed patients with MDD (n = 21)

and matched controls (n = 20) completed a future-oriented Autobiographical

Interview, the Parental Bonding Instrument, and a standardized neuropsycho-

logical battery. Results: Patients with major depressive disorder generated fewer

episodic details for future neutral events compared to controls. Although higher

reported levels of maternal care were associated with increased specificity of

negative future events among the patient group, higher maternal overprotection

was related to decreased specificity of negative and positive future events.

Higher levels of performance on measures of intelligence, verbal memory, exec-

utive functioning, and sustained attention were associated with increased speci-

ficity of future events. Conclusions: Maternal relations during childhood and

neuropsychological performance are related to the specificity of episodic simu-

lation in adult patients with MDD. Childhood experience continues to influ-

ence memory performance into adulthood.

Introduction

A substantial body of evidence suggests that patients with

major depressive disorder (MDD) (King et al. 2010) and

with posttraumatic stress disorder (PTSD) (Moore and

Zoellner 2007) are impaired in the retrieval of autobio-

graphical memories (AM). In particular, these popula-

tions show a bias toward overgeneralized memory recall,

where retrieval consists primarily of recollection of details

related to repeated or long-standing events (non-episodic

or semantic details), as opposed to the heightened recall

of details specific in time and place (episodic details) seen

in healthy populations. Episodic simulation is the con-

struction of future events, achieved through drawing on

episodic memories of past experiences and recombining

and elaborating upon them, and is thought to require

our awareness of subjective time (autonoetic awareness)

(Tulving 2002; Schacter and Addis 2007). The ability to
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imagine future life events, or, episodic simulation, relies

on many of the same cognitive, psychological, and neural

processes known to be involved in AM (Spreng and

Levine 2006; Schacter and Addis 2007; Hach et al. 2014).

Although impairments in AM and in episodic simulation

are well established in patients with depression and PTSD,

factors contributing to the development of these deficits

remain poorly understood. Here, we explore the relation

between parental attachment, thought central to the

emergence of autobiographical memory in childhood

(Harley and Reese 1999; Nelson and Fivush 2004; Fivush

et al. 2006), neuropsychological performance, and the

ability to imagine future events in patients with a history

of recurrent MDD and trauma exposure, primarily devel-

opmental in nature, and likely to have involved alter-

ations in childhood attachments.

A number of studies reveal alterations in episodic sim-

ulation of future events in patients with MDD (MacLeod

and Byrne 1997; Holmes et al. 2008; Bj€arehed et al. 2010;

King et al. 2011a; Morina et al. 2011; Kosnes et al. 2013)

and with PTSD (Brown et al. 2013; Kleim et al. 2014)

with some studies pointing towards a moderating influ-

ence of emotion on episodic simulation. For example,

Kleim et al. (2014) found that assault and motor vehicle

accident survivors with PTSD imagined fewer specific

future events in response to positive cues, as compared

to trauma-exposed participants without PTSD. Brown

et al. (2013), however, found that combat veterans with

PTSD were more likely to generate overgeneral future

events in response to neutral cue words as compared to

combat veterans without PTSD. In addition, patients

with depression have repeatedly shown impairments in

the generation of future positive events (Bj€arehed et al.

2010; Morina et al. 2011; Kosnes et al. 2013). Prelimi-

nary work indicates that clinical variables, including bur-

den of illness and impaired social functioning, are

associated with reduced generation of future episodic

details among patients with mood disorders (King et al.

2011a,b). The impact of parental bonding on episodic

simulation has not yet been studied, despite knowledge

that many patients with MDD suffer adverse childhood

experiences likely to impact parental attachments.

Indeed, in a sample of two thousand participants with

anxiety and/or depressive disorders, only 8.8% failed

to report experiencing a potentially traumatic or bother-

some life event (Spinhoven et al. 2014). These experiences

are likely to impact significantly on autobiographical

recall. In one study, the left hippocampus, a region cen-

tral to AM, of patients with MDD and adverse experi-

ences was 18% smaller in volume than that of MDD

patients without adverse experiences, likely due to

enhanced HPA-axis dysregulation among the trauma-

exposed group (Jo€els 2011).

Indeed, attachment orientations have been associated

with individual differences in AM development and recol-

lection (Harley and Reese 1999; Nelson and Fivush 2004;

Fivush et al. 2006). In one influential theory, mothers

who are elaborative in discourse with their children, pro-

viding rich background details and asking open-ended

questions, have children who showed more detailed AM

than did children of nonelaborative mothers (e.g., moth-

ers who provide less background to the discussion and

ask less open-ended and more repetitive questions) (Reese

and Fivush 1993). This led Nelson and Fivush (2004) to

posit that the level of detail and richness in parental dis-

course influences strongly the development of AM. This

relation appears bidirectional, where the children of

highly elaborative mothers also show more secure attach-

ment (Fivush and Vasudeva 2002). More recent work

focuses on the role of attachment in the processing of

negative emotions and memories and points toward

attachment-related individual differences in how children

encode, store, and recall negative memories (Chae et al.

2011). For example, in one study of undergraduate stu-

dents, simply activating the mental representation of an

attachment figure following the retrieval of a distressing

autobiographical memory led to an enhanced regulation

of negative affect in a sample of observed undergraduate

students (Selcuk et al. 2012), suggesting that, even in

adulthood, attachment figures play a role in the process-

ing of emotional AM.

In addition to attachment orientations, cognitive func-

tioning has also reliably been shown to relate to AM

retrieval (for a review, see King et al. 2010). Deficits in

working memory (Raes et al. 2005) verbal fluency (Dal-

gleish et al. 2007; Sumner et al. 2014), verbal memory

(Spinhoven et al. 2006), and problem solving (Arie et al.

2008) are correlated with reduced specificity of AM retrie-

val in this population. Further, executive control affects

search processes and monitoring of retrieval output of

AM (Conway and Pleydell-Pearce 2000). Indeed, patients

with PTSD have shown elevated production of non-episo-

dic details during AM recall of both traumatic/negative

and neutral events. This could reflect poor executive con-

trol and monitoring of extraneous information during

event recall (McKinnon et al. 2014). Research examining

the impact of cognitive functioning on episodic simula-

tion in this population is scarce. Trauma exposure and

MDD have, individually, been linked to disruptions in a

highly similar range of fronto-temporally mediated cogni-

tive functions, including recollective memory (Yehuda

et al. 2004; Talarowska et al. 2010), working memory

(Vasterling et al. 2002; Gałecki et al. 2013), processing

speed (McDermott and Ebmeier 2009; Cohen et al. 2013),

and cognitive flexibility (Polak et al. 2012; Snyder 2012).

Given the impairments in cognitive functioning observed
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among these populations and the overlapping cognitive

processing resources required for both AM retrieval and

imagining future events (Schacter and Addis 2007), it is

important to assess the role of cognitive functioning in

episodic simulation in this population.

This study aimed to examine the role of both child-

hood attachments and neuropsychological performance in

episodic simulation of future events among trauma-

exposed patients with recurrent MDD. Participants were

asked to imagine and describe future events in relation to

positive, negative, and neutral cue words, allowing us to

further examine the moderating role of emotional valence

on episodic simulation. Details related to the imagined

event were scored as internal (i.e., episodic and reflective

of memory specificity), whereas details unrelated to the

imagined event, or representing semantic knowledge or

repeated events, were scored as external (i.e., non-episodic

and reflecting poor memory specificity) (Levine et al.

2002). We posited that parental attachments in childhood

would continue to impact autobiographical episodic sim-

ulation in adulthood. Further, we predicted that poorer

neuropsychological performance would be associated with

reduced generation of episodic details in our patient

group. In line with previous research, we also predicted

that patients with MDD and comorbid trauma exposure

would show overgeneral episodic simulation compared to

controls. Finally, we examined latency to generate future

events to determine if participants with MDD and trauma

exposure were slower than controls at producing future

events.

Method

Participants

This study was approved by the Hamilton Integrated

Research Ethics Board of McMaster University and St.

Joseph’s Healthcare, Hamilton. Twenty-one right-handed

patients (mean age: 41.3(14.5), 10 males, 11 females) who

met DSM-IV diagnostic criteria for a primary diagnosis

of recurrent (i.e., ≥3 episodes) MDD on the Structured

Clinical Interview for DSM-IV-TR Axis I Disorders

(SCID-1; First et al. 1997) were recruited. All participants

in the patient group had a history of trauma exposure,

according to responses on the Clinician-Administered

PTSD Scale (CAPS; Blake et al., 1995) and/or Childhood

Trauma Questionnaire (CTQ; Bernstein et al., 2003).

Among patients with MDD, five met criteria for moder-

ate-to-severe childhood abuse on the CTQ only, nine met

criteria for lifetime PTSD or trauma exposure on the

CAPS only, and seven met criteria for childhood trauma

exposure on the CTQ and a diagnosis of PTSD or trauma

exposure on the CAPS. Among those participants who

met criteria for PTSD or trauma exposure on the CAPS,

11 experienced interpersonal trauma (e.g., abuse by care-

giver) and five experienced single-blow, accidental trauma

(e.g., car accident). In total, six participants met criteria

for current PTSD. A group of healthy controls (HC) con-

sisted of 20 right-handed sex-, age- and education-

matched participants with no history of psychiatric illness

or trauma exposure (mean age: 36.5 (13.4), 10 males, 10

females). Demographic and clinical characteristics of the

study sample are summarized in Table 1.

Participants were recruited from St. Joseph’s Healthcare

Hamilton. Those with a past or current diagnosis of bipo-

lar disorder, a psychotic disorder, neurological disease,

traumatic brain injury and/or head injury with loss of

consciousness (lasting more than 60 sec), substance abuse

in the last 6 months, current or lifetime history of sub-

stance dependence, and/or current or prior history of

untreated significant medical illness were excluded. Partic-

ipants were instructed not to use benzodiazepines within

12 h prior to testing. Patients were on a variety of

Table 1. Clinical and demographic characteristics of study sample.

Characteristic

MDD with

trauma (n = 21) Controls (n = 20)

Mean (SD) Mean (SD)

Demographic Characteristics

Age 41.3 (14.5) 36.5 (13.4)

Years of education 15.2 (3.9) 16.9 (2.6)

Sex (female:male) 11:10 10:10

Ethnicity (Caucasian) n (%) 19 (90%) 17 (85%)

Employment status n (%)

Employed 7 (33%) 17 (85%)

Unemployed 12 (57%) 0 (0%)

Student 2 (9%) 2 (10%)

Retired 0 (0%) 1 (5%)

Clinical Characteristics

HAM-D *11.8 (6.1) 0.5 (0.9)

CAPS (month) *29.2 (34.4) 0.0 (0.0)

Childhood Trauma Questionnaire

Emotional Abuse *12.9 (6.4) 7.5 (3.9)

Physical Abuse 7.0 (2.2) 5.9 (2.0)

Sexual Abuse *7.7 (5.6) 5.0 (0.0)

Emotional Neglect *13.7 (5.6) 8.5 (3.1)

Physical Neglect *9.3 (5.3) 5.9 (1.3)

Number of depressive episodes 14.1 (15.2) 0 (0.0)

Parental Bonding Characteristics

Parental Bonding Instrument

Maternal Care *20.7 (9.8) 29.5 (6.0)

Maternal Overprotection 14.6 (8.9) 12.6 (7.2)

Paternal Care *19.0 (9.1) 27.3 (7.2)

Paternal Overprotection 9.7 (4.2) 10.4 (7.2)

CAPS, Clinician-Administered PTSD Scale; HAM-D, Hamilton Depres-

sion Rating Scale; MDD, major depressive disorder.

*P < 0.05.
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medications, including selective serotonin reuptake inhibi-

tors (n = 7), tricyclic antidepressants (n = 1), serotonin–
norepinephrine reuptake inhibitors (n = 7), tetracyclic

antidepressants (n = 2), noradrenergic and specific sero-

tonergic antidepressants (n = 1), benzodiazepines (n = 5),

bupropion (n = 5), second-generation antipsychotics

(n = 5), hypnotics (n = 1), anticonvulsants (n = 1), and

no medications (n = 4).

Measures

Future-oriented autobiographical interview

A modified version of Crovitz’s cue-word test was used

(Addis et al. 2009a; Baddeley and Wilson 1986). Partici-

pants were presented with three positive (i.e., friendly,

pleasure, achievement), three negative (i.e., lie, afraid, bro-

ken), and three neutral (i.e., hat, tree, quiet) randomly

ordered cue words, one at a time. The cue words were cho-

sen from the ANEW database (Bradley and Lang 1999) and

matched for concreteness, imagery, frequency, and mean-

ingfulness (Paivio et al. 1968). After presentation of the

cue word, participants were asked to orally describe in as

much detail as possible a novel event related to that word,

specific in time and place (i.e., autobiographical event) that

could occur at some time in their future. Reaction time

(RT) (i.e., latency to generate a future event in response to

each cue word) was measured in seconds.

Following Addis et al. (2009a), if the participant could

not think of an event in response to the cue word or if

details were sparse, he or she was prompted no more

than two times with cues from a standardized script that

included phrases such as “What else may happen on that

day?” or “Can you tell me a little bit more about that?”.

Event descriptions were audio recorded for transcription

and scoring.

Participants’ imagined events were placed separately in

a common pool and scored at random by three experi-

enced raters who had achieved high interrater reliability

and who were blind to group. The future event descrip-

tion for each word was segmented as either “internal”

(i.e., episodic) or “external” (i.e., non-episodic or seman-

tic information) details (Levine et al. 2002). An example

of an internal detail is “It was raining lightly when we

descended into de Gaulle”. An example of an external

detail is “Paris is the capital of France”. These details were

summed to form internal and external composites for

positive, negative, and neutral events.

Clinical assessments

Severity of depressive symptoms over the past week

was assessed using the 17-item Hamilton Rating Scale

for Depression HAM-D; Hamilton 1960). Current (i.e.,

past month) and past PTSD diagnostic status, symptom

severity, and history of trauma exposure were assessed

with the CAPS. The CTQ was administered to assess

for severity of childhood: (1) emotional abuse, (2)

physical abuse, (3) sexual abuse, (4) emotional neglect,

(5) physical neglect. Participants also completed the

Parental Bonding Instrument (PBI; Parker et al., 1979).

The PBI is a 25-item self-report questionnaire designed

to assess parental bonding through two perceived par-

enting styles of the mother and father during the first

16 years of life: (1) care (e.g., my mother/father was

affectionate to me) and (2) overprotection (e.g., my

mother/father tried to control everything I did). High

care and low overprotection are considered optimal,

whereas low care and high overprotection are consid-

ered least optimal. Each item is scored on a 4-point

scale ranging from 1 (very like) to 4 (very unlike) and

assessed separately for mother and father. Scores on

the PBI do not simply reflect current depressed mood

state (Parker et al. 1979) and show good concordance

with sibling ratings (Gotlib et al. 1988; Duggan et al.

1998).

Neuropsychological test battery

Fronto-temporally mediated cognitive functioning was

assessed using the following standardized neuropsycho-

logical measures. Declarative memory: (1) California

Verbal Learning Test II (standard form) (CVLT-II;

Delis et al. 2000): a word learning task that provides

measures of both immediate and delayed recall, and

yes/no recognition. Executive functioning: (1) Color

Trails Test (Parts 1 and 2) (D’Elia et al. 1996): mea-

sures attention, psychomotor speed (Part 1 and 2), and

mental flexibility (Part 2); (2) Wisconsin Card Sorting

Test (128-item version) (WCST; Heaton 2003): a com-

puterized task assessing one’s ability to form and switch

concepts based on feedback. Attention: (1) Conners’

Continuous Performance Test – Second Edition (CPT-

II; Conners 2000): a computerized task assessing

response inhibition and sustained attention. Current

intellectual functioning: (1) Wechsler Abbreviated Scale

of Intelligence (WASI; Wechsler 1999): the Matrix Rea-

soning (performance index) and Vocabulary (verbal

index) subtests were administered. Consistent with pre-

vious studies examining future thinking (Bj€arehed et al.

2010; Kosnes et al. 2013), a verbal fluency task assessing

phonemic fluency (stimuli: F, A, S), the Controlled

Oral Word Association Test, was administered to assess

for group differences in verbal fluency abilities (Gladsjo

et al. 1999).
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Statistical analysis

To examine group differences on the demographic, clini-

cal, and neuropsychological variables, independent sam-

ples t-tests or Mann–Whitney U tests were conducted,

depending on normality of data (assessed with the

Shapiro–Wilk test). Associations between scores on the

future-oriented autobiographical interview and clinical

(i.e., HAM-D, CAPS, CTQ subscale scores, number of

depressive episodes), parental bonding, and cognitive

variables were calculated using Spearman’s q (two-

tailed).

Due to nonnormality of the scores on the future-

oriented autobiographical interview (Shapiro–Wilk,

P < 0.05), these scores were log transformed in order to

perform a parametric mixed-design analysis of variance.

The log transformation, however, did not result in a nor-

mal distribution among all of the scores (Shapiro–Wilk,

P < 0.05). The scores on this measure were therefore ana-

lyzed using a mixed-effects model for nonparametric data

(Noguchi et al. 2012) (this method is robust for small

sample sizes and outliers). Follow-up group comparisons

of performance on the future-oriented autobiographical

interview were conducted with nonparametric Mann–
Whitney U tests (using non-log transformed data). Group

differences on the log-transformed RT data were analyzed

using independent samples t-tests. Significance was set at

a = 0.05 for all analyses. Analyses were conducted with

SPSS 21 (IBM, Armonk, NY) and R 3.0 statistical soft-

ware (R Foundation for Statistical Computing, Vienna,

Austria).

Results

Demographic and clinical characteristics

The patient group reported significantly higher symp-

tom severity on all clinical measures (i.e., HAM-D,

CAPS, CTQ) (see Table 1). Age, years of education, sex

distribution, and verbal fluency performance did not

differ significantly between the two groups. Participants

with depression and trauma exposure reported signifi-

cantly lower levels of maternal and paternal care as

compared to HC (U = 91.5, z = �2.93, P < 0.001,

r = �0.46; U = 81.5, z = �2.88, P < 0.001, r = �0.47,

respectively). The reported levels of maternal and pater-

nal overprotection did not differ between groups. Neu-

ropsychological performance scores are reported in

Table 2. The patient group performed significantly

worse than the control group on the CVLT-II long-

delay free recall and recognition conditions, the Color

Trails Test Part 2, and the Matrix Reasoning subtest of

the WASI.

Correlations between future-thinking scores
and clinical variables

No correlations emerged between future-thinking scores

and HAM-D, CAPS, the CTQ subscales, or number of

depressive episodes.

Correlations between future-thinking scores
and parental bonding scores

Among the group with MDD, higher maternal care was

associated with generation of fewer non-episodic (exter-

nal) details for negative events (rs = �0.45, P = 0.04,

95% CI [�0.74, �0.03]), reflecting greater memory speci-

ficity (see Table 3). The opposite pattern was seen with

the maternal overprotection subscale, where higher mater-

nal overprotection was associated with an increased num-

ber of non-episodic details for negative events (rs = 0.52,

P = 0.02, 95% CI [0.11, 0.78]), reflecting poorer memory

specificity. Higher maternal overprotection was also asso-

ciated with an increased number of non-episodic details

for positive events (rs = 0.48, P = 0.03, 95% CI [0.60,

Table 2. Raw scores on measures of neuropsychological perfor-

mance.

Cognitive Variable

MDD with

trauma (n = 21)

Healthy controls

(n = 20)

Raw score,

mean (SD)

Raw score,

mean (SD)

CVLT-II

Trials 1–5 total 51.9 (9.3) 56.5 (10.1)

Short-delay free recall 11.1 (2.4) 12.9 (3.2)

Long-delay free recall *11.2 (2.6) 13.4 (2.7)

Recognition hits **14.6 (1.5) 15.6 (0.8)

Color Trails Test

Part 1 (sec) 31.9 (13.3) 28.0 (8.7)

Part 2 (sec) *66.9 (21.1) 52.5 (14.1)

WCST

Total errors 23.8 (18.5) 19.9 (20.2)

Perseverative errors 12.1 (11.8) 10.9 (10.8)

CPT-II

Hit reaction time (msec) 396.0 (52.0) 394.8 (59.0)

Omissions 4.2 (12.7) 3.1 (7.9)

Commissions 14.7 (8.1) 11.8 (5.3)

WASI

Matrix reasoning **26.2 (4.8) 30.1 (3.5)

Vocabulary 65.0 (9.1) 66.9 (7.4)

Two-subtest IQ 113.5 (13.2) 119.4 (12.7)

COWAT

Phonemic fluency 44.8 (12.3) 42.6 (13.1)

COWAT, Controlled Oral Word Association Test; CPT-II, Conners’

Continuous Performance Test-II; CVLT-II, California Verbal Learning

Test-II; WASI, Wechsler Abbreviated Scale of Intelligence; WCST, Wis-

consin Card Sorting Test.

*P < 0.05, **P < 0.01.
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0.78]), again reflecting poorer memory specificity. Pater-

nal care and overprotection were not correlated with

future-thinking scores.

Correlations between future-thinking scores
and cognitive variables

Several cognitive correlates emerged in relation to future-

thinking scores among the group with MDD, particularly

in the domains of intelligence, verbal memory, executive

functioning, and sustained attention (see Table 3). Better

performance on the WASI Vocabulary subscale raw

scores (a measure of crystallized intellectual functioning)

was associated with generation of more internal (episo-

dic) details for negative and neutral events (rs = 0.66,

P < 0.01, 95% CI [0.32, 0.85]; rs = 0.52, P = 0.02, 95%

CI [0.11, 0.78], respectively), reflecting better memory

specificity. Moreover, higher IQ based on the WASI two-

subtest full-scale IQ was associated with generation of

more episodic details for negative events (rs = 0.53,

P = 0.02, 95% CI [0.12, 0.78]), reflecting better memory

specificity. Better performance on an index measure of

verbal memory, the CVLT-II Total Raw scores subscale

(rs = 0.47, P = 0.03, 95% CI [0.05, 0.75]) and the CVLT-

II short-delay free recall subscale (rs = 0.45, P = 0.04,

95% CI [0.05, 0.75]) were related to increased produc-

tion of episodic details for positive events, again reflect-

ing better memory specificity. On a task of executive

functioning, the WCST, number of total errors was asso-

ciated with reduced generation of episodic details for

both negative and neutral events (rs = �0.56, P = 0.01,

95% CI [�0.80, �0.17]; rs = �0.53, P = 0.02, 95% CI

[�0.78, �0.12], respectively), reflecting poorer memory

specificity. More perseverative errors on the WCST were

also associated with reduced generation of episodic

details for positive, negative, and neutral events

(rs = �0.49, P = 0.03, 95% CI [�0.76, �0.10];

rs = �0.62, P < 0.01, 95% CI [�0.83, �0.25]; rs = �0.62,

P < 0.01, 95% CI [�0.83, �0.26], respectively), reflecting

reduced memory specificity. Finally, on a measure of sus-

Table 3. Correlates of future-thinking scores among trauma-exposed sample with MDD.

Positive Episodic

Positive

Non-Episodic

Negative

Episodic

Negative

Non-Episodic

Neutral

Episodic

Neutral

Non-Episodic

Attachment Variable

Parental Bonding Instrument

Paternal care +0.12 �0.15 �0.27 +0.17 �0.01 �0.21

Maternal care +0.01 �0.43 +0.09 *�0.45 +0.08 �0.30

Paternal overprotection �0.26 0.02 �0.31 +0.08 �0.31 +0.02

Maternal overprotection �0.13 *0.48 �0.14 *+0.52 �0.18 +0.22

Cognitive Variable

CVLT-II

Trials 1–5 total *+0.47 �0.07 +0.41 +0.28 +0.30 +0.30

Short-delay free recall *+0.45 +0.04 +0.42 +0.28 +0.39 �0.28

Long-delay free recall +0.29 �0.15 +0.13 +0.20 +0.16 +0.28

Recognition hits �0.10 0.12 0.19 0.20 �0.01 0.26

Color Trails Test

Part 1 (seconds) +0.24 +0.04 �0.19 �0.21 +0.08 +0.03

Part 2 (seconds) +0.03 +0.11 �0.14 �0.01 �0.01 +0.13

WCST

Total errors �0.42 +0.12 *�0.56 �0.06 *�0.53 +0.03

Perseverative errors *�0.49 +0.12 **�0.62 �0.10 **�0.62 �0.08

CPT-II

Hit reaction time (msec) �0.25 �0.22 �0.29 �0.35 �0.17 �0.34

Omissions �0.38 �0.14 *�0.53 �0.11 *�0.52 �0.43

Commissions +0.22 0.34 +0.12 +0.33 +0.08 +0.35

WASI

Matrix reasoning +0.12 �0.32 +0.29 �0.27 +0.21 �0.18

Vocabulary +0.35 0.08 **+0.66 +0.04 *+0.52 +0.11

Two-subtest IQ +0.17 �0.04 *+0.53 �0.10 +0.36 +0.01

COWAT

Phonemic fluency +0.03 +0.002 +0.17 +0.21 +0.29 +0.01

COWAT, Controlled Oral Word Association Test; CPT-II, Conners’ Continuous Performance Test-II; CVLT-II, California Verbal Learning Test-II; WASI,

Wechsler Abbreviated Scale of Intelligence; WCST, Wisconsin Card Sorting Test.

All correlation values are Spearman’s correlation coefficients.

*P < 0.05, **P < 0.01.
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tained attention and impulsivity (i.e., the CPT-II), a

greater number of omission errors, reflecting inattention,

was associated with reduced production of episodic

details for negative and neutral events (rs = �0.53,

P = 0.02, 95% CI [�0.78, �0.13]; rs = �0.52, P = 0.02,

95% CI [�0.78, �0.12], respectively), again reflecting

reduced memory specificity. No significant correlations

emerged between scores on the Color Trails Test or Con-

trolled Oral Word Association Test fluency scores and

number of details generated on the future-oriented auto-

biographical interview.

Group differences on future-thinking task
performance

On the future-oriented autobiographical memory inter-

view, there was a significant two-way interaction between

detail type (i.e., episodic or non-episodic and group (i.e.,

MDD vs. HC) (F(1,39) = 4.0, P = 0.04). Examining the

mean number of episodic and non-episodic details pro-

duced (log transformed) patients with MDD produced

fewer episodic details than controls, however, this finding

did not reach significance (t (37) = 1.5, P = 0.14,

d = 0.48) (HC mean = 117.1, SD = 53.4; MDD

mean = 95.6, SD = 58.1). There was a trending effect of

valence, where patients with MDD produced fewer episo-

dic details in response to neutral cue words as compared

to controls (U = 138, z = �1.88, P = 0.056, r = �0.29)

(HC mean = 41.6, SD = 17.3; MDD mean = 33.1, SD:

20.3) (see Fig. 1). Groups did not differ in their mean

number of episodic details for positive cue words

(U = 167.5, z = �1.11, P > 0.05, r = �0.17) (HC

mean = 36.2, SD = 19.1; MDD mean = 29.4, SD = 14.8)

or negative cue words (U = 148.5, z = �1.39, P > 0.05,

r = �0.22) (HC mean = 39.3, SD = 23.9; MDD

mean = 32.7, SD = 27.0). Groups also did not differ in

the mean number of non-episodic details for positive

(U = 195.0, z = �0.39, P > 0.05, r = �0.06) (HC

mean = 11.7, SD = 15.6; MDD mean = 12.5, SD = 17.6),

negative (U = 174.5, z = �0.69, P > 0.05, r = �0.11)

(HC mean = 12.1, SD = 13.7; MDD mean = 14.8,

SD = 14.9), or neutral cue words (U = 168.0, z = �1.10,

P > 0.05, r = �0.17) (HC mean = 9.5, SD = 15.7; MDD

mean = 12.9, SD = 14.9).

Means for response latency to generate future events

differed between groups for neutral cue words, where par-

ticipants with MDD were significantly slower at generat-

ing a response compared to controls (t (37) = �2.1,

P = 0.04, d = �0.67) (HC mean = 35.2s, SD = 23.3;

MDD mean = 71.0s, SD = 72.8). Groups did not differ

in their latency in response to positive cue words

(t (37) = �1.47, P > 0.05, d = �0.47) (HC mean = 46.0s,

SD = 34.8; MDD mean = 66.9s, SD = 57.3) or negative

cue words (t (37) = �0.92, P > 0.05, d = �0.30) (HC

mean = 67.7s, SD = 45.7; MDD mean = 91.8s,

SD = 57.3).

Exploratory analyses were performed, excluding the six

participants with MDD who also met current criteria for

PTSD. With these participants excluded from the analy-

ses, groups no longer differed in their latency in response

to neutral cue words (t (31) = �1.7, P = 0.08,

d = �0.58), suggesting that the participants with comor-

bid PTSD were driving the slower RT to neutral words.

The remaining group comparison results remained con-

sistent (i.e., nonsignificant).

Discussion

To the best of our knowledge, this is the first study to

examine the roles of parental bonding and neuropsycho-

logical performance in the specificity of episodic simula-

tion in patients with a primary diagnosis of recurrent

MDD and a history of trauma exposure, a population

that reliably demonstrates deficits in AM recall and episo-

dic simulation. The main finding in this study was that

higher levels of maternal care were associated with

reduced generation of non-episodic details, reflecting

increased specificity of episodic simulation in response to

negative cue words and a greater ability to monitor retrie-

val output. Higher levels of maternal overprotection were

related to increased production of extraneous details and

poorer cognitive control operations in response to nega-

tive and positive cue words. In addition, higher levels of

performance on neuropsychological measures of intelli-

gence, verbal memory, executive functioning, and
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Figure 1. Mean number of internal (episodic) and external (non-

episodic) details generated by comparing healthy controls and

trauma-exposed patients with major depressive disorder on the

future-oriented autobiographical interview. Error bars indicated

standard error of the mean. *P = 0.056.
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sustained attention were related to greater specificity of

episodic simulation as indicated by a greater number of

episodic details across positive, negative, and neutral

memories. By contrast, levels of episodic simulation were

unrelated to symptom severity, childhood trauma severity,

and numbers of depressive episodes in this sample.

Higher levels of maternal care were associated with the

generation of fewer non-episodic details for negative cue

words, reflecting increased specificity, whereas high levels

of maternal overprotection were related to an increased

production of non-episodic details for negative and posi-

tive events, suggesting decreased specificity. These results

suggest that attachment orientations, which are known

to be involved in the development and retrieval of auto-

biographical memory even into adulthood, exert a pro-

tective effect on episodic simulation among individuals

with depression that extends into adulthood (Harley and

Reese 1999; Nelson and Fivush 2004; Selcuk et al. 2012).

These results, in particular the correlations concerning

details of negative future events, are in line with findings

by Chae et al. (2011) who demonstrated that maternal

attachment plays a role in the development of emotional

AM, specifically for negative events. Experiencing higher

levels of maternal care during childhood may contribute

to the development of strategies that allow for more

effective processing and elaboration of negative events

well into adulthood (Chae et al. 2011). Notably, mater-

nal care (and overprotection) was only associated with

the production of external, non-episodic details, suggest-

ing that attachment plays a role in the increased (or

decreased) production of details unrelated to the imag-

ined event, rather than details specific in time and place

concerning the future event. The reduced generation of

extraneous details observed in association with maternal

care likely reflects enhanced cognitive control and moni-

toring of mnemonic retrieval output, as impairments in

cognitive control processes are related to elevated pro-

duction of external/non-episodic details, which were

associated with maternal overprotection in this sample

(Levine et al. 2002; McKinnon et al. 2008). There were

no associations between levels of paternal bonding and

episodic simulation. In one study, mother–child, but not
father–child relationships, were predictive of the number

of memories a young adult could retrieve from early life

(Peterson and Nguyen 2010). Given the shared processes

underlying AM retrieval and episodic simulation, our

findings are in line with this report. Notably, Peterson

and Nguyen (2010) found that father–child relationships

predicted the age at which the earliest memory an adult

could recall was encoded. The authors suggest that dif-

ferences in how mothers and fathers engage in memory

talk with children may provide a partial explanation of

these findings.

Post-traumatic stress disorder has been associated with

elevated production of non-episodic details during AM

retrieval (McKinnon et al. 2014), likely related to reduced

executive functioning. Indeed, future studies may examine

whether the current finding that parental bonding is asso-

ciated with production of non-episodic details is medi-

ated by executive control. Increased rumination or

functional avoidance during response generation could

also lead the participant to focus on and generate details

unrelated to the event in question (i.e., non-episodic

details) as suggested by the CaR-FA-X model of overgen-

eral autobiographical memory that focuses on the impact

of capture and rumination, functional avoidance, and

impaired executive control in overgeneralized recall in

participants with MDD (Williams et al. 2007).

Consistent with findings by King et al. (2011a), our

results suggest that patients show a deficit in generation

of episodic details related to imagining future events,

whereas the absolute level of non-episodic details gener-

ated did not differ between groups. Here, patients pro-

duced fewer internal details in response to neutral cue

words than controls (results approached significance),

and they were significantly slower than controls at gener-

ating responses for neutral events. A substantial literature

indicates that negative and positive arousing events are

better remembered than neutral events (Kensinger 2009).

Based on our findings, this bias toward more easily

remembering emotional events may extend to imagining

future events. Indeed, compared to controls, patients

appeared to show a selective deficit for neutral events.

These results, however, conflict with previous studies

examining episodic simulation in patients with MDD,

which have shown selective deficits in the generation of

future positive events (MacLeod and Byrne 1997; Holmes

et al. 2008; Bj€arehed et al. 2010; Morina et al. 2011; Kos-

nes et al. 2013). Methodological differences may account

for these conflicting findings. Previous studies did not

distinguish between episodic and non-episodic details

generated during the simulation of future events. Instead,

task scores were based on overall vividness of imagined

events or the total number of separate events imagined.

Further, our patient sample differed from those in previ-

ous studies, as no existing studies, to the best of our

knowledge, included only trauma-exposed participants

with depression. Future studies will need to compare

patients with and without trauma exposure to systemati-

cally assess if history of trauma may account for these

conflicting findings.

A highly specific association was found between higher

levels of neuropsychological performance and increased

production of episodic details. Better performance on

measures of intelligence (WASI vocabulary subtest and

full-scale IQ scores), verbal memory (CVLT-II total
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scores), executive functioning (WCST total and persevera-

tive errors), and sustained attention (CPT-II omissions)

was associated with increased specificity of future events

(i.e., greater number of internal details generated). Here,

we have demonstrated that the association between neu-

ropsychological performance and future-thinking scores

was specific to internal details, suggesting that neuropsy-

chological functioning promotes enhanced episodic recall.

Indeed, deficits in verbal memory (Yehuda et al. 2004;

Talarowska et al. 2010), executive functioning (Polak

et al. 2012; Snyder 2012), and sustained attention (van

der Meere et al. 2007) are reported in patients with MDD

and trauma-related disorders, and these processes are fur-

ther thought to be involved in AM retrieval (Spinhoven

et al. 2006; Arie et al. 2008), and by extension, episodic

simulation of future events. Verbal memory was only

associated with positive future events, whereas intelligence

and sustained attention scores were related to negative

and neutral events, and executive functioning scores were

related to all three emotional valences. A variable related

to cognitive functioning that is worth considering for

future studies is dissociation. Dissociative symptoms have

been shown to be present in patients with MDD, and

tend to be more severe in those with a history of child-

hood trauma (Molina-Serrano et al. 2008; �Ziki�c et al.

2009). Dissociation is related to poorer neuropsychologi-

cal functioning in patients with PTSD (Roca et al. 2006),

borderline personality disorder (Haaland and Landrø

2009; Krause-Utz et al. 2012), and also HC (Brewin and

Mersaditabari 2013; Brewin et al. 2013). Future studies

should examine if dissociative symptoms may be mediat-

ing the relation between neuropsychological performance

and episodic simulation in trauma-exposed patients with

MDD.

There are several limitations to this study that require

consideration, such as the small sample size and retro-

spective nature of the PBI. Notably, however, scores on

the PBI have shown good concordance with sibling rat-

ings (Gotlib et al. 1988; Duggan et al. 1998) and do not

simply reflect a depressed mood state (Parker et al.

1979). Further, while the majority of our patient sample

reported moderate-to-severe childhood trauma, the type

of trauma exposure remained relatively heterogenous, as

a subset of participants reported experiencing only sin-

gle-incident trauma. Future studies should systematically

assess if specific subtypes of trauma differentially impact

episodic simulation. It will also be important to explore

clinical heterogeneity by examining the impact of comor-

bid personality disorders on performance. In this study,

the majority of the patient sample were taking psychi-

atric medications at the time of testing; future studies

may wish to control for the use of medications. Notably,

the average age of our sample was approximately

41 years of age. Participants grew up in an era where the

majority of child care was provided by mothers, perhaps

explaining further the specificity of the relation between

maternal (but not paternal) care and episodic memory

performance. Finally, the mechanisms underlying paren-

tal bonding and future thinking remain unknown, and

future studies should assess potential mediators of this

association, such as increased rumination, functional

avoidance, or emotional dysregulation during episodic

simulation.

This study is the first to examine attachment and neu-

ropsychological performance in relation to episodic simu-

lation of future events, drawing on past theories

proposing that maternal attachments and cognitive pro-

cesses play crucial roles in the development and retrieval

of AM. The findings of this study have important clinical

implications. Interventions for trauma-related disorders

and depression aim to decrease patients’ negative biases

toward the future and increase patients’ positive biases.

Difficulties in imagining and rescripting future events

may reduce one’s ability to engage in this therapeutic

process. Attachment with caregivers is an important

developmental variable, as evoking stable attachment fig-

ures promotes emotional regulation during processing of

negative personal memories (Selcuk et al. 2012) and is

related to memory performance in adulthood. Attach-

ment, together with neuropsychological dysfunction in

patients with MDD and trauma-related disorders, should

be taken into account during treatment planning as they

may ultimately have an impact on one’s ability to engage

successfully in therapy.
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